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 flow 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 gener at i rFE@i¥e CENEBHERNG AR RERATIUS, e §REEERONI ¢ ARRARBTRAY eARen

adversely increased. To sol yg.s %E?J%%lr? ﬁﬁ&ys heat radi ating

t echnol ogi es have been proposed ‘and/or prac used. As 20 one of heat
radi ati ng nmet hods, there is a nethod whereln heat radi ating fins nade of

metal such as al um' num are he generated heat by
the ICis transferred to t@é@ﬁﬁ?ﬂkﬁ)o&?aﬂ%&t@vﬁ%@qﬁ Al ternatively,
there i s anotherien@tdodnhansicntheh air that stays ln a casing of a PC may

be 25 forcedly exhausted with a fan, and cool air around the PCis
forcedly introduced around the heat generating nmenbers with the fan

Al ternatively, theggeigreslehl! i dnatihen retdad wherel sy %&@f&ﬂ

radiation fins and a fan, vvhlle the contact area”of the heat generatlon
menber Wit h abparatey thalr eesedanks hc’it.’nﬁet hWelatw eadi acpda 4ilmat the fan

forcedly Bég?iéﬂﬁ% ! rsuéflog rgheel&&%nri%dbéklcox@iiﬂ NSe 1 However,
there is a problemthat a thernmal boundary
10 generated jet flow, an electronic device that is equipped with
the jet flow generating apparatus, and a jet flow generating
method.

2. Description of the Related Art

15 As the performance of PCs (Persconal Computers} has been
advanced, the calorific powers of heat generating members
such as ICs (Integrated Circuits) have been adversely
increased. To solve such a preoblem, various heat radiating
technologies have been propesed 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 transferred 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
forcedly introduced around the heat generating members with
the fan. Alternatively, there is still another method
wherein, with both heat radiation fins and a fan, while the
contact area of the heat generation member with air is

30 increased with the heat radiation fins, the fan forcedly

exhausits the hot air around the heat radiation fins.



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

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

conbined jet flow gan be used. In _this_netho ir at__is nmoved by a
pi ston or the I|i keﬁlo‘ge}r%ﬂ et rreoﬁsaahgfce)b#%nrl ﬂieh(fac gntto%mae%gb% n%rcyhanber.
The air jettedybront tinsshofecé 95 gahéestad earbhaeatbyratt delaavs iddefconbi ned

jet flow pronptes the mxin f air, breaks the thermal boundary | ayer,
and nmore 20 g?‘?e]é‘??f%/eq lra&dlogt gﬁn?ﬁ?e‘/ r’fg‘ﬁt%f’ﬁﬁ‘ﬁdt%‘?e&rsé&} 25 tiYon
gener at eds by taecoaventd 9padi faRu0kotc exArBIt velfer Dt enlay PRsumnt, 1).

[ Patent Docunent 1] US Patent No. 6,123,145 25 However, according to the

technol ogy dé8ct?berl SUFht AdPr a8t TobcHiFmeL, 18i it €oapidered difian
generated by ge £ELiJHLEALENhILENOR.9THd NeRLaLaR L6 R QRagai£d s a sound

wave, the sound i1s heard as noise. Further, as the c frequenci es of
| Cs have beefihenopkdsathdaryr éegnat . ydats, thhee 30s hearobdenethdeddse t he | Cs

ayer formedEt e 3G Rt GOSE S TR BRBRE AR M IR A
shoul d bé0 diasehgemehiteal blyeih€Cramdi Hhehleeatmbadi @t ir@lﬁaftﬁhﬁstditartﬂmefore.

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 hole formed
on one end of a chamber. The alr jetted from this hole is
called a combined jet flow. The combined jet flow promotes
the mixing of air, breaks the thermal boundary layer, and more
20 effectively radiates the heat than the forced convection
generated 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 alr vibration generated by a
reciprocating motion of the piston is propagated as a sound
wave, the sound is heard as noise. Further, as the clock
frequencies of ICs have been increased in recent years, the

30 heats generated by the ICs have been proportionally increased.

Thus, to break the thermal boundary layer formed in the



Thus, in the apparatus shown in Fig. 1A and so forth of the Patent

Docunent 1 that vibrates the vibration filmand jets 5 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 film
is in an audio frequency range, the noise of the vibration filmwll

becone a problemto solve. 10 SUMVARY OF THE | NVENTI ON From t he foregoi ng
poi nt of view, an aspect of the present invention is to provide a jet flow
generating 15 apparatus that suppresses noise as nmuch as possi bl e and
effectively wadiatey athéhhdmtatgendiattch Hying, hreath gemeraty sgouleridser, an

el ectronic device. that .is, .eqgui.ppe ith the jet, . flow generati appar at us,
and a jet f|(;%\,l\,s’§§ﬁ’é?% itﬁgtrﬁ%#ﬁo%?cgﬁge oeae{:clé%% &3 n? %ggélra@go?ﬁ%,e ‘an aspect
of the presemhusj nirertHeoBpbsrathetsHdwawifenes atliangnapparfarts bhatheconpri ses

a plurality of chanbers each havi n% an ogeni n% and each_  contaiping a

cool ant, a viFBFrEPFiP SNt sT3 o OEBFEEi f HBT2ELBT dritt"c8REalied i n each
of the plyrakity of chandheissa59 &5 2hctOash SAhareR 11 REaE08k afle AS A

pul sating flow through the openings, and a control unit for controlling
the vibrati oVi1PsRTEfR SA BBabP nNTRECIFEN B - That aheurio pddtiavaisr gener at ed

by the cool a%ugi,SJ@Pange@raaega&)h%fpkﬂé%iﬂxyaﬁio&gggme{ss 1VEAKEH &ACh

other. 30 According to the present invention, en each 3 other” neans
t hat the souddenmnersy gamgeat e bpiaepdiuthki tibrajficdi Schamgilagoeeams weaken
each other in 8, Bafl,Of, &liJe

10

SUMMARY OF THE INVENTION

From the foregoing point of wview, an aspect cof the
present invention is to provide a jet flow generating
15 apparatus that suppresses noise as much as possible 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.

20 To accomplish the foregoing, an aspect of the present
invention is a jet flow generating apparatus that comprises
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

26 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.

30

According to the present invention, "weaken each



a region to which the sound waves are propagated. This definition will be
applied to the follow ng description. 5 According to the present invention,
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 nmenber increases 10 as the clock frequency
of an 1C chip or the like increases, the generated heat can be effectively
radi ated and noi se can be prevented from generating. Since the control

unit is configured to cause the sound 15 waves generated in the chanbers
to weaken eacithgrHensanshahednthel sound weeedsgenecad dly at pleastitmne of the

phases, fre cl and anplitudes of the und, waves.  According to an
aspect of thggﬁgéégﬁ?r?ﬂv%ﬁFﬁgﬁ,Wﬁﬁg%neﬁﬁ*iﬁzg i stanc&%6 8ﬁj%%%h openi ngs
of at |east eneesgébnofoc oltaidiertdel sodedovededbyark Pppandtéhe wane | ength of

t he sound ve.,generated in the chanber is denated by X , the
condi ti on or%ﬁ%%gégéo?swgﬁki P@Q&lﬁ Fﬂi%h%é§g3£§§§ﬁngﬁ§£Q1 Gt he wave

| ength 2 ef the sound wave of each of the 25 plurality of chanbers is
al nost the sanme, since the maxi mum anplitudes of the sound waves gener ated
by the openings of Ac€aEfAl_RdithéhedBr e s ngRgthen, ddth corkepl Woise can be

prevented fraqm %Hﬁiﬂﬁi&g @5 JIMGR 28ePOSSAP!avell AREOLHLA: L Otﬁéfe present
i nvention, each of the chanbers can have various structures as long as the

condi tion 4 ofludakipy2of chagbiegshi bd. vaifiean tshgheother t WWhokanbees, i f t he
vibrating mechan s déh Gataateh ol el 3Ret Malnd HeRlgsesc pLa e sound
10 as the clock frequency 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
15 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.

According to an aspect of the present invention, when

20 the distance of adijacent openings of at least one set of

chambers is dencted 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. 1In this case, assuming
that the wave length A of the sound wave of each of the

256 plurality of chambers is almeost the same, since the maximum

amplitudes of the sound waves generated by the openings of
each chamber do not strengthen each other, noise can be

prevented from generating as much as possible.

30 According to the present invention, 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 in individual chanbers are the
sane, the phases of the wave forns of the sound waves generated by the

di scharging 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 18G firenktheiphasdasfakdt hose by the dischargi ng neans A and B,
t he sound waves weaken each ot her. Wen the nunber of chanbers is n (where
n=2 3 4 ... ) 20 and the wave |lengths and anplitudes of the sound
waves generated i nwhba tthasherstas ehbhbesae f dHevaord iolg étchagiadn contr ol
t he chanbers ;so that they %Fnerate t he sound waves _that have phase

di fferences df §8B?ﬁd'%%" rashl £ HifE Wh6l BPassS 1 miRavPRENA Whditer s

weakens asCO@Qh@?Qt&‘@\i% £9§5@&51441@ha£§e§999g WeMESq Yhess b J”Ihhl gher of
chanbers is n ), the wave length of each o e sound

waves gener attéde@ﬁhtquélerchéhﬂbér%lquwﬁveﬁ Hee 2! Pﬁﬁhlé%tf@frrt RéNgBUHE waves
are al mst 3Qabhe:saHe, /f?eﬂets%n@ RLB06 & o ANRCEN! LODRALAGS LS (D)

the condition of 2 (n - can a SO satl ase,
t he di st ance ibgenked fhunmﬁs&.@mseant openlngs is glven by 2/{ 2 (n - 1} }
Since the wave length is sufficiently larger than this distance, the
conbi ned wave forns of the sound waves generated by the discharging neans
weaken eagh ot her Bhesgaieieaseofoth@ipebibkyOng mzthsdhy ext icvi Aydaf, t he .

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

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

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

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

20 and the wave lengths and amplitudes of the sound waves
generated in the chambers are the same, the control unit can
control the chambers so that they generate the sound waves
that have phase differences of 360°/n. As a result, the whole
system having n chambers weakens a combined wave form of the

25 sound waves.

When the number of chambers is n (n=2, 3, 4, ...),
the wave length 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



di schargi ng neans. In other words, since the maxi rum anplitude of the
sound waves generated by openings of the chanbers do not strengthen, noise
can be prevented from generating as nuch as possible. 10 Wen 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 A, the anplitudes of the sound
waves generated in the chanbers A and B are the sane and denoted by "a".
The 15 anplitude of the sound wave generated in the chanber Cis 2 x a and
t he phase of the sound wave is inverse of the phase of each of the sound
waves) gener ated, ithet fies tthardbbe swéermntie mdB)t, didearsanperif@ecti sasivdme above
btained. In this case, the conbi ned wave form of the

structure can he
sound waves g@t}t{é%épa_t et 1 n YMEeCHEBRYS 1ANIBR it e &ty fa e hecause

the crest potheAnhiandidd=014@) Pios tbRBsned wkke wawe dOERE sotmakesrezach
other. As a result, a nuting effect can be obtained. 25 In the foregoing

case, when t HENEBALFY iR O dischargind (frans Peeked €aFRsPFRRE the sound

can nore yeakefalhagsd her Qﬁ‘r%epo%'ﬂ%ioﬁ@earﬂ“%{m%rctﬁ%itﬁnéfVﬂbé ating nmechani sm
that has one vibration plate. 30 Besides the case that the shapes, sizes,

and so forthdigfhenakiereance t e eEmy, “eydsenginage oWty mard™Musr egoi ng 6
condi tion of ag\piiﬁguge £ S 1s3hihAdyatbbe Q?e?z%%g@nge\/zbéﬁﬁinrg%s Shanpers are

not restricte I'n addition, the arrangenhen anbers is not
restricted. Fhasbewhedo awtelsécenghhen, devise dzay brgpacheateqefnmmt i ng
Fﬁgbg;egznfqggggggty%érhgI%%é% a%tpggg¥gg§peratlng apparatus according to
10
When there are three chambers A, B, and C, if the wave
length of each of the sound waves generated in these chambers
is denoted by A, the amplitudes of the sound waves generated
in the chambers A and B are the same and denoted by "a". The
15 amplitude of the sound wave generated in the chamber C is 2
% a and the phase of the sound wave is inverse of the phase
of each of the sound waves) generated in the chambers A and.
B), the same effect as the above structure can be obtained.
In this case, the combined wave form of the sound waves
20 generated in the chambers A, B, and C becomes flat because
the crest portions and trough portions of the wave forms

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

obtalined.

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



i nvention, the arrangenent of the heat generating nenber and the jet flow
generating apparatus can be suitably changed. Thus, an el ectronic device
can be easily designed. 10 According to an aspect of the present invention,
the control unit is configured to control the vibrations of the vibrating
mechanismin the range from80 to 150 (Hz) . Thus, in the hearing
characteristic of human, the noise |level can be decreased to 1/20 or |ess
than a sound wave at, for exanple, 15 1 (kHz) . As a result, the heat
generating nenber can be cooled wthout a tradeoff for quietness.

Accor di ng t ocandaspectofoll ahe Presesitidfient, ahe ey ahdf bdxegerferati ng

apparatus further conprises a sound 20 absorbing ne r or alid nber
P Opoaed at - GHATBEET IS R0, AP FELL o Chatbor ol oty PBE,Fr-Semial se of
the apparat g €ahchembdtrs el ndedeasedicACCaHlisNgwhen an asPetiorfc t he
present invention, the 25 vibrating mechanismhas a vibration plate

di sposed in BS¥RCBIMAHAYGR AT OFnEF2ERRATEIRE AL E W IRFLovE F Piesent

inventions agethe: fyndslec qft ihle apbhtat o ARG $ol PRE6ZSELANLOr the
anplitude of the vibration plate I's increased, the discharge anount of the
conmbi ned j et ipVentbyni KA pagcses t3oft ghet irapoapara tinpmepbpE @&ricon pl at es

can be incre ﬁsd-etﬂgi W %MSPai;In%fhga CALQLLT LS F}Sili‘:‘%r i%gbigec edfiénerating
menber such 3 as” an %'cﬁip I hcTr easés as the cl oc %ﬁeque cy t hereof
i ncreases, tRAbugenan a¢bettheaticcdavbee efdredia \eelsyi lyadeaigned. On t he ot her
hand, even if the nunber of vibration plates is increased or the
anplitudes thereof are increased, since the 5 control unit controls the
vi brations of cool aBtsr&ing at ahhespsotird wavesraddiriatiadebyibhe aural ity
of vibration plates . , . .

control unit is configured to control the vibraticns of the

vibrating mechanism in the range from 80 to 150 {(Hz). Thus,

in the hearing characteristic of human, the ncise level can

be decreased to 1/20 or less than a sound wave at, for example,

15 1 (kHz). Asaresult, the heat generatingmember canbe cooled

without a tradeoff for quietness.

According to an aspect of the present invention, the
jet flow generating apparatus further comprises a sound
20 absorbing member or a 1id member disposed at one of the
plurality of chambers. BAs a result, the noise of the

apparatus can be further decreased.

According to an aspect of the present invention, the

25 vibrating mechanism has a vibration plate disposed in each
of the plurality of chambers. According to the present

invention, 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

30 of the plurality of vibration plates can be increased. Thus,

even 1f the calorific power of the heat generating member such



weaken each other. Thus, while the heat is effectively radiated, the noise
of the apparatus can be prevented from generating. 10 According to an
aspect of the present invention, the vibrating nmechanismhas a vibration
plate that partitions at |east one set of the chanmbers. Qpeni ngs nay be
formed in accordance with the nunbers by which each of the chanbers is 15
partitioned by a plurality of vibration plates. Alternatively, the nunber
of vibration plates may be larger than the nunbers partitioned by the
plurality of vibration plates. In addition, of course, the nunber of

vi bration pkates ﬁ@y@kimnﬂnqneaﬁaseasVﬁhﬁlQlupkuﬁﬁ@gneatyvtmﬁga¢bn pl at es

20 is one, the control qplt iS_C nfl ured Lo, co:% V|brathp plate so
r 0

that it S|nusoF5a?Fy vi e fessr con?r {%ﬁ%lveﬁ uE2S1HE 'sound

waves gener abedih¢ @mhteheharpipre&bnt :yf Q:fl'leOlﬁ)ﬁl%éthbﬂ oivesiiem pasbestiter. 25
According to.an as the present invention, the contrgl unit is

of
confi gured t&nEEﬁ??%$‘?h%h%ﬁgfélHFﬁ?%F@ﬁ6§QQﬁr§égﬁﬁﬁ??@%'§6Bﬁ8'VHVes

gener at edsi ncbherpl uirdld E¥nefol £ RABDEIS-4tQ BB SPYJd1anh8rH RnkepiRsents the
nunber of chanbers. As a result, harnonics other than the n-th 30

har noni cs wedReRdezedtHaratied PHi heaRBiraldityppifc ¥1bsatdem PFateguency
conponent s t Rataf e i tHS 0fnQt N&fnihiRARNR- hBa B hariPai gs Megken each

other. In this case, "the phase difference of respective sound waves"
nmeans a phaseaddﬁté@reﬁuermmseagﬁ Ufe reppeetiivecaolrd pwavestédciused on only
basi c frequen |g§aglnénd|V|dual sound waves. 5

10
According to an aspect of the present invention, 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

15 partitioned by a plurality of vibration plates.
Alternatively, the number of vibration plates may be larger
than the numbers partitioned by the plurality of vibration
plates. In addition, of course, the number of wvibration
plates may be one or more. When the number of vibrationplates

20 is one, the control unit is configured to control the
vibration plate so that it sinusoidally vibrates. Thus, the
control unit causes the sound waves generated from the

plurality of openings to weaken each other.

25 According to an aspect of the present invention, the
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. As a result, harmonics other than the n-th

30 harmonics weaken each other. 1In this case, harmenics contain

frequency components that are multiples of other than n-th



According to an aspect of the present invention, the control unit is
configured to control the anplitudes of the sound waves generated in the
plurality of chanbers so that the anplitude becones al nost the same. In
addition, n is set 10 so that the noise |level of a conbined wave of n-th
harmonics 1is |lower than the noise |evel of the sound wave generated in
one of the plurality of chanbers. Wen the phases of the sound waves are
set to be 360/n, pn-th harnonics (where p is any integer of 2 or greater)
al so strengt hen each other. However, 15 since the anplitude of a harnonic
hi gher than themanits veakwnieeshi sthenl | Int ibianphée udehef phlageconbi ned

wave of the .pazLh_harnonics fs sueller than the amplitude, of a sound vave
generated in one chanbert %ﬁ?gﬁccoraing 0 ah aspec? of 2 the pf esent

i nvention, tHeffyréfied iofgeHEE BEINLSIHIAS W Boatd edviekat®@sussddrestorslymet ri cal
to a pl ane pﬁggendicular to a first direction which is the direction of

the vi brati oR*SEPnEESTHEGi%r & AGAMBELHAH STAULE3E6ERh a symetri ca

structures the anplitudes and so forth 25 of the sound waves and their
har moni cs beconme the sanme anplitude as much as possible. Thus, the
qui et ness can be PRAFPHERINT HY GReASPREE ®TIERY R N tadpEBREEPNt Hd r esent

invention, the,:301canty ok U4 s CoRET Quled it ‘Bh%isit?%gtif;‘ciutg@% yEhrating

mechanismwi th a [ower 1 nput than a rated 1 nput o rating 9
mechani sm Asocandesands geinpcetefieimdarhroploredipprehtchaabersdeerdesed, the

ol se of the RRPALALNS AN DS AUPPLESSEH. dlhe NhR £ARE: ohNG TLNRHE" meanS.
10 so 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,
15 since the amplitude of a harmonic higher than the n-th
harmonics is small, the amplitude of the combined wave of the

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

generated in one chamber.

20 According to an aspect of the present invention, 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

25 of the sound waves and their harmonics become the same
amplitude as much as possible. Thus, the quietness can be

further improved.

According te an aspect of the present invention, the
30 control unit is configured to vibrate the vibrating mechanism

with a lower input than a rated input of the vibrating



According to an aspect of the present invention, the vibrating nmechani sm
has a first vibration plate asymetrical to a plane perpendicular to the
direction of vibration, and a second vibration plate having al nost the
sanme shape as the 10 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 opposite direction of the first wvibration plate.
In the structure, although the vibration plates are asymmetrical, when
they are disposed in their 15 opposite directions, the symetry of the

vi brati ng neckehasimsmcaidsbe assmwwxiaiaca whel lea riffmis, cohpomavies faorens of t he

sound waves ener at d,in t I ral hanber becone t S as
much as posm% gatlrheesrﬁ Sjeofol‘h!e euﬁﬁ?ﬁ%%su%fcatnh Suﬁ’ﬁ’é:reg ug cg[rnmbe

i nproved. Asr_axarﬁﬂﬁs, aheasummt'rm@@:hsztfo\tl dxatipien plaims,y speakesrs each
having a coil portion and a magnetic portion can be used. According to an
aspect of thgogFég%nt invention, the control unit has a first signal
generating unit for generating 25 a drive signal that causes the vibrating
mechanismto vibrate at the first frequency, and a second signal
generating unit fAFcHERRAtingra2erede i § 8l PYRATTC ADTEBLLPRY eV | ng

mechani sm tov!b?é@%ﬁ’? ?nteeée%tﬁl%ﬂnrh%ts ref%?H‘ErkF%r 'f~l E}?le atd Qég_rhrg etAlcA second

frequency that 1s romt Irst 30 ncy. Second
frequency ista etnaﬂmmrei pecpeupdﬁrmm’aroto the diirestibnegfuanbyatson, Fasi c

frequency. Thusé wh he, 10 vi brat| ons_ at the f r st fre uency aken each
con v1 atlon ate havy
other, even {f I bratron te “havy ngga P8R entS SAST ?to ?l on

corrponentlo [ $'1USEdrlerlaelﬁﬁI;ﬂ®t@f Hihe: sappar Alinuess tCam the ﬁxrfee@ire/cedl}bn
decreased. as the direction of the vibration of the first vibration 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
15 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 gquietness of the
apparatus can be improved. As examples of asymmetrical

20 vibration plates, speakers each having a coil portion and a

magnetic portion can be used.

According to an aspect of the present invention, the
control unit has a first signal generating unit for generating
26 adrive 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 vibrate
at a second frequency that is different from the first
30 frequency. The second freguency is a harmonic component of

the first frequency as a basic frequency. Thus, when the

10



5 According to an aspect of the present invention, the jet flow 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 10 control the sound waves in accordance with a sound wave
detection signal. This feedback control securely quiets the jet flow
generating apparatus. In addition, even if the vibration characteristic
varies due to the aged tol erance of the vibrating mechanism the noise of
t he apparatus can be 15 decreased. According to an aspect of the present

i nvention, tRkeébrptursms iattytind fohambirsnienayonpased eakhaotfharst echanifer gr oup
and a second chng r, %rqﬂﬂzeﬁch.of whi ch Lé.coqp$sed q} at 20 Ieaﬁ} two
chanbers. Th& \Wbra liongp echafl $AF RaSoR 12 L b At &?npf%{‘%o?edjr

vi brati ng thescastanttieonicisred i Bhtheppdtdtais chanber egrocpivand a second
vibration plate for vibrating the coolant contained in the second chanber
group. The E6RFFBPEUnit is configured to control the vibrations of 25 the
first andgsecond 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 fAFSPrdEmmserngreRg-land &hsaewrertosbivaatigpuridienave

ted in- | to th
generated | naei:hﬁo%»egg{?ﬁre : rstﬁﬁg%ﬁg s?%@lﬁﬁgﬁec\?%?@rqgggra s0 ﬁ?ﬁ&lt 0 the

30 present invention, I ned soun e weakene e first
chanmber groupeéadtime usétoind detdd oy wav esompakenet §énératdreisddend

Chanber o1 OUR, B LML OET GRS A LALLSTu YELETED, SR Bt e
10 control the sound waves in accordance with a sound wave
detection signal. This feedback control securely quiets the
jet flow generating apparatus. In addition, even if the
vibration characteristic varies due to the aged tolerance of

the vibrating mechanism, the noise of the apparatus can be

15 decreased.

According to an aspect of the present invention, the
plurality of chambers is composed of a first chamber group
and a second chamber group each of which is composed of at

20 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 contrel unit is configured to control the vibrations of

25 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 scund wave generated in the first
chamber group and a second combined sound wave generated in
the second chamber group weaken each other. BAccording to the

30 present invention, the first combined sound wave weakened in

the first chamber group and the second combined wave weakened

11



5 According to an aspect of the present invention, the jet flow generating
apparatus further conprises a sound wave generating unit for generating
anot her sound wave that further weakens the weakened combi ned sound wave.
Thus, the noise of the apparatus can be further decreased. The sound 10
wave generating unit needs to generate only a sound wave having a reverse
phase and the sane anplitude of the weakened conbined sound wave.
According to an aspect of the present invention, the 15 vibrating
mechani sm has a vibration plate. The jet flow generating apparatus further
conpri ses a g¢asting shavhdghembehr gugip habeftarrtdnefxocmmz'glai alnambert@mup

tit d by th br at | ate, The vibrat
Dot uator, - ERSSSEe S ST db CLRBS cadtWg ! Fif REEPY g L he VPRPALE Ol ate, 20

and a rod passi Agrtheougderidagetnr ough- hole and noved in synchronization
with the notion of the actuator. The chanber group has n chanbers
partitioned by (n - 1) vibration plates, where n is any integer of 2 or

greater. Fhe actuah@bok&ind Ao aBXaSPe& A esbrordmgnetheahtyody ivsgn. This
definition is 25 applied to the follow ng description. Wen the actuator is

di sposed i nsi@é fi gasermtinheaepparatys §@§§h9r|qqngprlﬁeﬁ/rﬁ GRuUngevieeat of
the actuator gl&@hﬂﬁ%%&:{e '}aB’Bﬁérax\!rr‘ff dér{bethe'}e%uﬁﬁ%é'é ik he casing,

t he capacity %5 t|on ecrease. However, according to
t he present ﬁnvéh@rmwakeae'@uﬁheakdmsadmahuagé:nnmmbeamwlv@ﬂuslzﬂﬁccordlng

to an aspect ofsthe present |nvent|on tghr et ééPM/ %pergﬁlqgjacparatus

further conpfrs&€ % casm%p A Fh§oa ?%roug “Rof 8% & Tor i ig & Cianber
group pantit wanedgelyrddicgvidiat headpl ab egendrate bhat/i agsomedardvaem has an

having a reverse phase and the same amplitude of the weakened

combined sound wave.

According to an aspect of the present invention, the

15 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,

20 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
25 applied to the fellowing 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
willl decrease. However, according to the present invention,

30 such a disadvantage can be solved.

12



5 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. According to the present invention, the
actuator is disposed outside the casing. The chanbers can be structured so
that 10 their volunmes, shapes, or the like are the sane as nuch as
possi bl e. Thus, the effect of the decrease of the noise can be inproved.

Li ke the foregoing aspect, since the actuator is not disposed in the
casing, the problemin which the heat remains in the chanber can be

sol ved. 15 Accordi Agcbodamg dspect agpedthepibsepteseanteinventitme theet fl ow

generating a ratus further. conprises_an.absorbin menber, di.sposed in
Phe casi ng, P8%" BhE% ety i PRPaRFonE "t G Hie PRz ERR B ¢t Ron of the
rod is referheeihg sashtdeyhodecaidl fdimeed bthdnalr dsoud béet etiorfadom t he
first direction,. The absorbi n%ﬁrrenber can suppress the shaking of the rod.

As a resul t P¥t hBC aPERr B IR ReRhEr A N1OWePERELIP PR UN- Tt &3 €8 stably

vibrate. bn addhhiton, $idpRddeuabsqsbing smnbey, irsr disposedrso that it
covers the through-hole, the coolant in 25 the casing can be prevented from
| eaki ng fronViRE2EhPR RG-Sl @nd \ih &AL PRS SATISK ﬁbif@‘ﬁglbltgﬁetbﬁb‘il%hésql%ccor di ng

to an aspect jQf MR PILIGRELLPYEDLL O Wi PR | gl par at us
further COfT'pr'aIBSGS adfolirs? 30 Eear% ng, ﬂig fti Fﬁoé%@?%%e%%%%g for the
rod, the fir&ccobéang g bet pgediespogewnitionhetitchrotghtdwlie dispasdche

vicinity 13 thereof. .The first ari is not ljmted to a soli
0%51$ t H%ﬁb 13 that
a'fr

subst ance, bit' whda SaBstdnce." i 2° 0t hér” a%psé%r[%c%lfredt 2 present

i nventiong umhess vshinak', ehapbkyidt tife like are the same as much as
possible. Thus, the effect of the decrease of the neise can
be improved. Like the foregoing aspect, since the actuator
is not disposed in the casing, the problem in which the heat
remains in the chamber can be solved.

15
According to an aspect of the present invention, 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
20 second direction that is 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 sc that it covers the through-hole, the coclant in
25 the casing can be prevented from leaking from the through-hole

when the vibration plate vibrates.

According te an aspect of the present invention, the
jet flow generating apparatus further comprises a first
30 bearing, the first bearing being used for the rod, the first

bearing being disposed in the through-hole or in the vicinity

13



specifically described, that definition is applied. In 5 particular, when a
fluid bearing is used, the air tightness of the casing and qui et ness of
the apparatus are inproved. As an exanple of the |liquid substance, oil is
used. According to an aspect of the present invention, the 10 rod passes
through the vibration plate. The jet flow generating apparatus further
conpri ses 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 nore stably noved than the 15 foregoi ng rod.

I n addi tion, tsemeeft h&heodiegtepesr inomomet énditedtte tdrdridend of the

casi ng, the %G%ggers can_be fiaggcéﬁge¥lso thft,ghe %gégnggp?%$$ﬁgf, or the

like are the®Y83H8"° usu,t fhe Hof se™o E'tnhcee'app%lr AUS
decreased. Thaer pdes@yt CinvERit iRl pPASSsE hraughitt be FELsid®20i€asing at a
position opposite _to the first beari According to an aspect _of the

_ ng.
present inveﬁPPBﬁFl??%QyjQQSqq%Bﬁdgeﬁﬁgﬁl??ﬁfQﬁﬁiQPaﬁﬁsaPH}%ﬁ%T d8npri ses a

seal nmenbgr phhatcbl #eksHhea casiRgLRASShHG & hEeHINHh @ it oytghndipl e from
25 the outside. Thus, since the air tightness of the chanber™ is inproved,

the appar at u§tchhe e3d%icid ¢eFydgesicrsite o4 fbe IPRAWatUPharSetlpyRiTfiser may be
Gescri pti on. "3 AceaTHino To B8 AcReet o TR oY cSamt " nueRtion. the jet
fl ow generating apparatus further conprises a seal nmenber 14 for sealing
(e oaS1 g 2081 Nt L1 SPRES! SLTESLISL WSS oL, IaNERRL! gl Do L1
can ef feabi veby pgeses atle-diyd jtet hiovatThe [Heale .nenwerjgmyfllaer di sposed on

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

15 foregoing rod. In addition, since the rod extends from cne

end to the other end of the casing, the chambers can 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

20 casing at a position opposite to the first bearing.

According to an aspect of the present invention, the
jet flow generating apparatus further comprises a seal member
that blocks the casing passing through the through-hole from

25 the outside. Thus, since the air tightness of the chamber
is improved, the apparatus can effectively generate a jet flow.
The seal member may be solid or fluid. This definition will

be applied to the following description.

30 According to an aspect of the present invention, the

jet flow generating apparatus further comprises a seal member

14



5 the second bearing. According to an aspect of the present invention, the
jet flow generating apparatus further conprises a first casing formng a
first chanber group partitioned by a first 10 vibration plate of the

vi bration plates, and a second casing formng a second chanber group
partitioned by a second vibration plate of the vibration plates. The

vi brating nechani sm has an actuator, disposed between the first casing
and the second casing, for driving the first and second 15 vibration

pl ates, and a rod, passing through the first and second through-holes and
connecti ng t Herf sestimndhsecanihyg wigbiatt orheplsates, fanmbdrbeedeén the

synchroni zation widhLhe; motion; of the actuator o according, Lo Lhe present
I nvention, one actuator can Vvi Era e at Iéasjf (EV\D Vi brati 8n piaa‘tses. ThUS,
20 the di schahgechsmbet iof idpeoceeal abhe Cavphratucicaasedrattivaly | ow

el ectric power. As a result, the cogling efficiency can _be inproved.
Accor di ng t 095RSE&pRctRDASthE L BFeseite PRGENPEBRET ¢ bg5d] gpogsd, H
generating appar atdsnd Wddremqconprises a first bearing, the first bearing
being used for the rod, the first bearing being disposed in the first
through-hole or in the wvicinity thereof. Thus, the rod is stably noved.

Li kew se, the jet 5fLowygenarating ﬁ@cﬁ@roaft B “ﬁy S RQLHPTDE ] Stgnea 30
beari ng, the bearing gﬁ?ndfuse fo? t he rog,et eeiearingegegﬁg' I sposed in
a second t hr geghf£hov egeridraAidegr dppgrabuantasipest comptrheepraséitst nventi on,

the rod pas%g’%ﬁ&@&&% he fifst yipration, plal %t'@i‘gnéc?gayféoé"irsgce”efa“ ng
appar atus furtherconprised a Second bearing,L PRE 5-5EEoNEbéari g bei ng
used for 1bhevibdatibe Secendf k@arviigration plates, and a second casing
forming a second chamber group partitioned by a second
vibration plate of the wvibration plates. The vibrating
mechanism has an actuator, disposed between the first casing
and the second casing, for driving the first and second
15 vibration 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. According to the present invention,
one actuator can vibrate at least two vibrationplates. Thus,
20 the discharge amount of the coolant can be increased with a

low electric power. As a result, the cooling efficiency can

be improved.

According to an aspect of the present invention, the
26 dJet flow generating apparatus further comprises a first
bearing, the first bearing being used for the rod, the first
bearing being dispesed 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
30 bearing, the bearing being used for the rod, the bearing being

disposed in a second through-hole.

15



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 wused, the vibration plate stably
vibrates. Likew se, the rod 10 may pass through a second vibration plate.
The jet flow generating apparatus may further conprise 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. 15 According to an
aspect of the present invention, the jet flow generating apparatus further
conprises a third casing having a third through-hole through which the rod

, the third ' f t hird chanb 20 tit db
Py 7 Vi brati on pl SEEEOMECLLA BPRE Pod L paeeT Ty s RPOTB Che TH rd

t hr ough- hol e rcACefs s NG ht-auhechPrresent visadildroplatbe muebest of 1l gasi ngs
can be adjusted in _accordance with, for exanple, the nunber of heat
generating ﬁéﬁﬁé?%l%%aﬁéaééBP%éuéﬁheFHémaFﬂéﬁaéﬁéﬁFoFﬁéF@6ﬂn9rﬁ*aﬁdlt|on

25 al though theqdisgharag; amuwat wQkat Ber ol anjy,CaReb8etosd aassd ng n

proportion with the nunber of casings, the apparatus needs only one
act uat or. Thisinghelgregad @@némif@mn eoppsipnadto dibge forst Heedming | ow

generating aB?aEr%t E?ﬁ%@%ﬁgﬁngecrﬁ%%e Ifé?e ARE Y mEQ?urtaﬁig%évle the

present invention fom1gehera i ng appar conpri ses at
| east one 16tbhnatmérﬁaregaahgneaﬁefoﬂ(mhlshabnhg tHE;ﬂﬂrE$tbea51mq;q@aSS|ng
through the fi

r hr o hole a|n i de n% a. nd sg
ronber for  SEAFRNG PG SR R D e BREr HG " LR oudh AL SeEORE o
t hr ough- hol emagapass ﬁﬁmbdﬁﬂfﬂ @ecoIBU61bratlon plate. The jet flow
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.
15
According to an aspect of the present invention, 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
20 partitioned by a third vibration plate connected to the rod
passing through the third through-hole. According to the
present invention, 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. Inaddition,
256 although the discharge amount of the coolant 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.

30 According to an aspect of the present invention, the

jet flow generating apparatus further comprises at least one

16



5 since the air tightness of the chanber is inproved, a jet flow can be
effectively generated. The seal nenbers may be solid or fluid. According
to an aspect of the present invention, the 10 actuator is configured to
contact the first and second casings so that the actuator covers the first
and second through-holes. The jet flow generating apparatus further
conprises a seal nenber for sealing the first casing against the second
casing through a space between the rod and the actuator. The present 15
invention is especially effective when the first casing and the second
casi ng are comnectiedtbyethenadterator.sedadcomdichg fi:tt bespnegsrRsimyvent i on,
since the se nenber. c seal .the . insjde of the first, casin ai nst the
i nside of t h%kg%%%dth%g%rﬁg, t%58?%%f%°i(:%nagoaemésftf Eé?i Q/Ié*f@l‘iﬁ sc dg%ged from
the first 26cabfldSecONthet@sirn@sr A6E&DIHH Nthd GeaBnaspesin®fipddrd npr esent
invention, the actuator is configured to contact the first and second

casings so ChaPuehdREcPEaPRT OEFPRFEPRES AFSLSENHRS €9GRdEhr digi¥-hol es. 25

The actuagor shase ankeafi ﬁ!ﬁlgHﬁﬁé’s§ ok thechofbend BuRAledyeher rifr sealing
the first casing against the second casing through a space between the rod

and the bear FAg.PeseAéactheekegenpeabed- dae 3ol TeRberadiagebefsaHe fir st
casi ng againg& EE&iéFSide of the second casing, coolants can be
effectively discharged 30 fromthe first and second casings. 17 According
to an aspect of the present invention, the actuator has a fluid pressure

generating unit foacgnv%ﬂﬁﬁgnga rod mﬁthftgge%éessure.of a flgjqjgjhe fluid
y ge p

. Qr n asa?ect o) resent J_Hvantl?
pressure generatl ng uni ner e water ressur e, yaraul 1 C

pressurel0ai acpugssutie,confilgheelitecontact the first and second casings
so that the 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 between the rod and the actuator. The present

15 invention is especlally effective when the first casing and

the second casing are connected by the actuator. According

to the present invention, since the seal member can seal the

inside of the first casing against the inside of the second

casing, coclants can be effectively discharged from the first

20 and second casings.

According to an aspect of the present invention, the
actuator is configured to contact the first and second casings
so that the actuator covers the first and second through-holes.

26 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

30 from the first and second casings.

17



According to an aspect of the present invention, the actuator has a rotor,
and a link nechanismfor transferring the rotational notion of the rotor
to the rod. The actuator, 10 which uses the rotor, is a rotational notor
with which the cost can be reduced in conparison with a |inear notor.
According to an aspect of the present invention, the jet flow generating
apparatus further conprises a casing. 15 The casing has a side wall, and a
di scharge nozzle for coolant, the discharge nozzle having a first end and
a second end that protrude fromthe side wall to the outside and the

i nside of the caskrgprdiespest avekypetthefcdbengrdor ngveathonf thwe
chambers. Singe Lhe, second end of Lhe nezzle.is, disposed in 20 the
chambers, th&%H62zPe "Edn®betas argélasgp035| ?%ﬁ'u?ﬁusf”:Pﬁgl??eqﬁ%ncy of

t he gener at edosouwndh cae he-deareaseda £ACTHr dirRg touideheanireg sense of
human, as the frequency of a sound becones | ower, the vol une thereof
becones | owePEPCERhRGUBHLT J2YafEBRERRY TR ThT5 E88Rt MHIEAI6h, the 25

gener at edsSoyRds§ahe pes HerRasedeasok-ovnas: pessi bl e. According to an aspect
of the present invention, the jet flow generating apparatus further
conprises a bent nozzle through which the coolant is discharged from at

| east one of 30 the.chaghers., TAUsspddie Sieath, &l g ARAbsL, can. be
cooled in accordange wth tﬁ% gir%%t?%n o? ?he ent noggﬁe. 18

Al ternati vel pctaatbedsts eneotset, ehdnaZzindsmehbanpsotiorderénsierting
different ch er an_be arr.anged .in a direction ifferent fromthe
direction of %gberoichaa OélragL Héootjtcﬁg gttlluléa rc(’:Ich% gﬁctehedrf)g' sgﬁes??%%eftqf%ccordi ng
to an aspect wafichhesqe esentrokayenis an,roth@ional motor with which the

cost can be reduced in compariscn with a linear motor.

According to an aspect of the present invention, the
jet flow generating apparatus further comprises a casing.
15 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
20 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, according to the present invention, the

25 generated sound can be decreased as low as possible.

According to an aspect of the present invention, the
jet flow generating apparatus further comprises a bent nozzle
through which the coolant is discharged from at least one of

30 the chambers. Thus, the heat generating member can be cooled

in accordance with the direction of the bent nozzle.
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jet flow generating apparatus further conprises a flexible nozzle through
whi ch the coolant is discharged fromat |east one of the chanbers. Thus,
the direction of the nozzle can 10 be varied in accordance with the
arrangenment of the heat generating nenber. According to an aspect of the
present invention, the jet flow generating apparatus further conprises a
first 15 nozzle through which the coolant is discharged fromat |east one
chanber to a first heat generating nenber, and a second nozzle through

whi ch the coolant is discharged to a second heat generating nenber that is
di fferent fré&htehsativelyhettlesggenerasengpimabeles Thas pradieudeofraont can be
di schar ged t%hzeodgfgéurail:ié}yan%f heat ggnerati n rrenbgraigéggosed at

different positi onsSE R eonvent i onalftfan tHat Tot ate§ Sn |nple?rf er cannot

| ocal | y cool damifebertt f1un itke dieepresendf i theenihHaabersThe thatsttHwzzl e and
t he second nozzl e may djscharge the coolant fromthe sanme chanber.

Al ternati vel SERBCR| {515 2345 78 and the second nozzle may di scharge the
cool ant fsom different chanbers. According to an aspect of the present
invention, the first nozzle is straightly formed, whereas the second
nozzl e 30 is bent. AFRAZIIRG o édr Gﬁlﬂ%%tvﬁ%ﬁh?h@r%ﬁ?r&ng@ﬁéﬁ?l@% tHEe heat

gener ati ng myEhet; o oA 200k DY 1N S850N: NOZELA s thioh dO I, bent.

Accordi ng to~an aspec the priesent 1 nvention, first nozzle has a
first flow paprhzlghehfquobht whicwtpat todlentbia discdiarigedgitrrapd beddtr st

sectional areg pernsndieularcio e flowditection of  ihe goplant, The
second nozzl € faf"asé&cond 1T ow path. & g&cond f Tow paPﬁ has @ second
|l ength 10 be varied in accordance with the arrangement of the heat

generating member.

According to an aspect of the present invention, the
jet flow generating apparatus further comprises a first
16 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 cooclant is discharged to a second
heat generating member that is different from the first heat
generating member. Thus, the coclant can be discharged to
20 a plurality of heat generating members disposed at different
positions. A conventional fan that rotates an impeller
cannot locally cool an object unlike the present invention.
The first nozzle and the second nozzle may discharge the
coolant from the same chamber. Alternatively, the first
25 nozzle and the second nozzle may discharge the coolant from

different chambers.

According to an aspect of the present invention, the
first nozzle is straightly formed, whereas the second nozzle
30 is bent. Thus, in accordance with the arrangement of the heat

generating member, it can cooled by the second nozzle, which

19



that is larger than the first length and a second sectional area that is

| arger than the first sectional area. Thus, the 10 resistance of the second
fl ow path can be prevented from increasing. As a result, a proper anount
of cool ant can be discharged fromthe second nozzle. According to an
aspect of the present invention, the 15 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 perpendicular to the
heat radiation fins, the casing formng at |east one of the plurality of
chanbers, andsabehgast one set of nozzles that 20 are bent, protrude from
the side surface of the casing toward the heat radiation fins, and

di scharge the coolant. Thus, in conparison with the structure in which the

side surface of theceaging idanhashedr nEzzhe psesispasedntaces dHe heat
sink, the jet .flow generating apparatus can be easily disposed 25 agai nst

|
the heat sinEr*Fh 15 8A° addardi TPt &2the P& EAESTiTAENPRER Pathe

envel opedsVvolaurerof idigytheahashnkiand skheibghl {4Qwpaepehat ERgaApRAr at us
can be decreased as nmuch as possible. 30 According to an aspect of the

present i nveftiPohloy KEToFtBPat Phd-hreERAkRE hdSeasseendmiosAlpl e ahat is a
side wa 20 uBbhicaldy AtAROSALL LAcbRE ASLELLANSL 4 REcKLArALlAn, the

d
side wall having a flrsF end portion and a second end portion are
opposite in tthetdis detrigen bhan Hdevifbratilength ehdsi sesypposedingpmenber f or

supporting thgetdi r.st. end porti an, %ﬂ% ér%ts%%gggo&}lipggréj nq,hgtsarr‘qE ry for

supporting t Re séggﬂﬁl%nﬁrgﬁgf%lon. ince t wa I s 'supported by the

first supporeshgtarobest anck tskeondcOHhow Supordann Penppbesnted anged
increasing. As a result, a proper amount of ccolant can be

discharged from the second nozzle.

Accerding to an aspect of the present invention, the
15 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
20 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
25 against the heat sink. In addition, according to the present
invention, the enveloped volume of the heat sink and the jet
flow generating apparatus can be decreased as much as

possible,

30 According to an aspect of the present invention, the

vibrating mechanism has a vibration plate that is a side wall
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in the direction of the vibration, the vibration plate can be stably

vi brated, not laterally vibrated. Since the 10 vibrating plate is prevented
frombeing laterally vibrated, if the driving nmechanismthat vibrates the
vibration plate is electro-nmagnetically driven, the stator and the novable
menber can be prevented fromcolliding. Since they hardly «collide, the
space between the stator and the novable portion 15 can be narrowed, the
magnetic field applied to the coil can be strengthened. As a result, the
driving nechanismcan effectively produce a driving force. In addition,
since they H~arthigathy|didpesedbiatitonsliokchighesf nidesibaatbensuppr essed.
As a result, the nai.se_of the_apparatus can be decreased. 20 According to
o aspect of EHE Pres BT T doRe T o SAHHRP Ty Sp7 Ko RETHA SOk Hae o

vi bration pl ahetthed obpssatsiidecnwaldi redicspaset the +hershiiect kot t he

vi bration and a su Eortin menber that slidably supports the side wall in
t he directioﬁuEBOBE PhEPPEFat P FUPPRES 110G G FLREt Kb BPEE BN ardd® of t he

side walb thabetbga bagdda iMBMREILEHPROF S thegl BREeasSEshq e
vi bration plate can be.stablé vibrated, not laterally vibrated. 30
Accor di ng t oPaitaspectSigret ke ppdeitallnvensiprorte@ by itheatiimgtmechani sm

momber . Thus o PREEVT B AT Bt can Bx SBaT Ry R eEe SR {Ton
the air-tightness difregddlonobft tiee chanmaéioneathderilmatdvedplatéceor ding to
o aPect of e TSI NEN OB DR M PR EC BN =
vi brati onopl aiBrating plate is prevented from being laterally vibrated,
if the driving mechanism that vibrates the vibration plate
is electro-magnetically driven, the stator and the movable
member can be prevented from celliding. Since they hardly
collide, the space between the stator and the movable portion
15 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. Inaddition, since they
hardly collide, vibratiens of higher modes can be suppressed.
As a result, the noise of the apparatus can be decreased.
20
According to an aspect of the present inventiocn, the
vibrating mechanism has a vibration plate that has a side wall
disposed in the direction of the vibration and a supporting
member that slidably supports the side wall in the direction
25 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.

30 According to an aspect of the present invention, the

vibrating mechanism has a lubricant interposed between the
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a driving unit for driving the vibration plate, and a lead .wre, connected
between the vibration plate and the 10 supporting nenber, for electrically
transferring a control signal fromthe control unit to the driving unit.
Thus, since the lead wire is integrally noved with the vibration plate

and the supporting nenber, the lead wire can be prevented from breaking in
conparison with a suspended |ead wire. 15 According to an aspect of the
present invention, the supporting nmenber has a threaded groove forned
around the vibration plate. The lead wire is wired along the groove. Even
if the | ead wide wsll rdreyridlel ywuppvedimg tienbee .vi Dias, orhe2@iplcatéoand t he

supporting ne r, 1f the lead. wre is wre in,the direction in which the
displacenentpg%gﬁn?aQﬁb%Iﬁ?ooggﬁﬁoViPﬁ@t%%hbgP ngb %nﬂéﬁﬁé, nearly from
the center obirtbeghidssad ic eplat 8t Ohé hehitesisdeanSbBCcentherdgad wire is

| argely stressed, there is a possibility in which the lead 25 wire wl|
break. However, according to the present invention, such a problemcan be

sol ved. Agcordi ng hecbh@imy @3LRh adf@NJdOBhe th8 QIROVavEALI Ydes 1R Shape
| i ke bell ows. An aspect of the present invention is an electronic 30

devi ce conpr Vébrgtinhawchyeriermabpaga meertion pilaikal i e ysespatdmser s
containing a j i i i:-brat i cool ant
cont ai ned inm%ﬁgggﬁﬁ?égﬁgépéﬁi%ﬂgﬁ%ﬁéggﬂ%%g!sggdééaﬁggf?%gpgEgpggﬁarge t he
cool ant t owarddtireidpatnitgénerdtinighgreheeribaadi en gdntteq| andid Ffeard

controlling the wvibration of the vibrating mechanismso that the sound
waves 5 generatéd fﬁp%?ﬁ§%§)IegﬁFeHitgﬁaﬁtﬁé%ﬁﬁqgnpﬁﬁgep?ﬂ?aqﬁiy of chanbers
weaken each etppobrting member, for 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 from
breaking in comparison with a suspended lead wire.

15

According to an aspect of the present invention, the

supperting 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

20 plate and the supporting member, if 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

256 wirewill break. However, according to the present invention,
such a problem can be solved. According to the present

invention, the groove includes a shape like bellows.
An aspect of the present invention is an electronic

30 device comprising a heat generating member, a plurality of

chambers containing a coolant, a vibrating mechanism for
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According to the present invention, the heat generating nenber is, for
exanple, an electric part such as 10 an IC chip or a resistor or heat

radi ation fins. However, the heat generating nenber is not limted to
these, but any one that generates heat. The electronic device is, for
exanple, a conputer, a FDA (Personal Digital Assistance), an electric
appliance, or the like. 15 An aspect of the present inventionis a jet flow
generating method conprising the steps of vibrating a coolant contained in
a plurality of chanbers each having an opening so as to pulsatively

di scharge theiboetang thler ceglrrdachnbdiddd tthetlopehingsitawd cloalyeadd i ng t he
vi brations of the coolant .so,that the soupnd waves nerated by the cool ant
i schar ged  FPoREt Fo BB GPATELY oF StHsR L oS Re AU R "BEHor ™ RS di ng Lo
the present igavephtong HdibesquaddnavesntZdl genier aoedcbpttbEl plgiradld ty of
chanbers weaken each other. Thus, .as the clock frequencies of such as IC
chi ps as heat’ PgBREPROINGfEHbERS IPAIR SR I sBE et e REEPAtRsISS0f

increasess t@enbeate§ady haLlbeathvelyséi Al Ldrohncaddpihofmicyt R noi se of
t he apparatus can be suppressed. 30 An aspect of the present invention is a

jet flow 23 gEABPArs nfealifFardchs °&bRPrising a plurality of discharging
means for pul satively discharging a nedium and wave form adjusting neans
for adjusting at |east either anplitudes or phases of the sound waves so
t hat the sound wavéscgedratted the pyechet pluvedtiion,ofthdi sehtir gi ng neans are
offset. According {0, NeRLESEN JVERLION LNEPOLARE. part such as
10 an IC chip or a resistor or heat radiation fins. However,
the heat generating member is not limited to these, but any
one that generates heat. The electronic device is, for
example, a computer, a PDA (Personal Digital Assistance), an
electric appliance, or the like.
15
An aspect of the present invention is a Jjet flow
generating methed 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
20 the openings, and controlling the vibrations of the coolant
so that the sound waves generated by the cooclant discharged

from the plurality of chambers weaken each other.

According to the present invention, the sound waves
25 generated in the plurality of chambers weaken each other.
Thus, as the clock frequencies of such as IC chips as heat
generating members increase, even 1f the heat thereof
increases, the heat can be effectively radiated. In addition,
the noise of the apparatus can be suppressed.
30

An aspect of the present invention is a jet flow
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"of fset" means that the sound waves generated by a plurality of
di schargi ng neans are offset or weakened each other partly 10 or throughout
a region in which the sound waves are propagated. This definition will be
applied to the follow ng description. According to the present invention,
the wave form adjusting nmeans is configured to offset the sound waves 15
generated by a plurality of discharging neans. Thus, as the clock
frequenci es of heat generating nmenbers such as an IC chip increase, even
if the calorific powers generated thereby increase, the heat can be
effectivel y gadeatetng rmperktom compr addia Roplutdkl moicsed béchdmey iagpar at us
can be supbr gesed =20 Jhe vave fopmadiusting, qmans needs Lo adiyst, for
exanpl e, the pﬁases orpanpﬂ it u&é(s 0 &7 S6Unas So s 6% ofFSet “tthe sound
waves gener abedubyihdiengangr abt tadjafs tdhgchiar@gang e oS ampdiAG66s dxng t o an
aspect of the presenf invention, the nediumis a gas. The jet flow
gegerati ng aﬁﬁgﬁﬁ?tﬁg et At ngé’@ﬁ"ﬁtsi §8stRAY itBRaT P ﬁf’é‘ﬁfﬁérg%%?r%ﬁe}?r ating
the gas. FhepypkHeapityanft dic¥cRasehBgg BN RACRRAgra8.0pENI NG t hrough 30
whi ch the gas vibrated by the vibrating nenber is jetted outside the
apparatus. The wave form adjusting neans has 24 control neans for
control l'ing the viBrabigm9frd N8 oV iREeabhRT:n &, %ih@cghgf%{g)econtrol means
is configured to control the vibration of the vibrating nenber, the sound
waves that ar'effsgeharcanedtizate tobf seundindveharaatpyratthd bwiaselwfalite
apparatus - 5.6an b6, AN et L om0 A N9 ARSPLILAS 2 DE-dAypSent

10 or throughout a region in which the sound waves are propagated.

This definition will be applied to the following description.

According to the present invention, the wave form

adjusting means is configured to offset the sound waves
I5 generated by a plurality of discharging means. Thus, as the
clock frequencies of heat generating members such as an IC
chip increase, even if the calcrific powers generated thereby
increase, the heat can be effectively radiated there from.

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

20
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.
25

According to an aspect of the present invention, the
medium is a gas. The jet flow generating apparatus further
comprises a vibrating member for vibrating the gas. The
plurality of discharging means each has an opening through

30 which the gas vibrated by the vibrating member is jetted

outside the apparatus. The wave form adjusting means has
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of adjacent openings of at |east one discharging neans is denoted by d (m
and the wave |l ength of a sound wave generated 10 by one di schargi ng neans
is denoted by X (m) , the condition of d < X/ 2 is satisfied. Each of the
plurality of discharging mneans can have a chanber. In this case, when the
wave | ength X of a sound wave of each of the chanbers is al nost the sane,
since the sound waves generated at the openings of each 15 chanber do not
strengthen with al nost the nmaxi mum anplitude, the noise of the apparatus
can be suppressed as nuch as possible. As described above, according to

t he present icnmemblmreanszﬂow:l:iobarnbl’s&gi@epvﬁmssmi@du bfd:megei\leraitirr@g heat

generated by_a_heat nerafti can be ef
addi tion, noi srenp’ovm ngsa hee \ngE ﬁ§n8flsn§? Jr‘ﬁq%re(ggéﬁ gﬁfjé tg'é
di stortion C@rﬁb@Belﬂbﬁ dlﬁilﬁhbevﬂbhpiﬂﬁﬁgsﬁidmbgﬁ BiﬂeEEoﬁ)E@GBIvI%EI Ol OFa rHE

DRAW NGS Fi g. IS a_perspective view showing a jet flow generating
appar at us ac@&PHFﬁ@e‘floa%Ogﬁﬁﬁalarﬂ?nlthﬁffelf’?‘uethepPQ%éﬁto‘T AENEFPRAEa Y. 2 is a

sectional 5Vi @unsBeVhpgrd it AR bUseshoy. 30 in Fig. 1; Fig. 3 are wave
forms showi ng vibrations of two 25 vibration plates; Fig. 4 is a

per spective view showi ng an exanple in which heat of, for exanple, an IC

chip is radiated; ﬁ'cgoréllllit% oh 2Rk eaual o QHANes s, LUK Vc‘fqe{i é.“’rh ce
characteristic) shomnng a tharacteristic of earing sense o uman; Fig. 6
is a graph skdweAgaeenesepanioigst bd pbadeaereie discharging means is
dencted by d (m) and the wave length of a sound wave generated
10 by one discharging means is denoted by A {(m), the condition
of d<A/2 is satisfied. FEach 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
15 chamber do not strengthen with almest the maximum amplitude,

the noise of the apparatus can be suppressed as much as

possible.

As described above, according to the present invention,

20 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 harmonic

components as distortion components can be suppressed.

25 BRIEF DESCRIPTION OF THE DRAWINGS
| 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
30 in Fig. 1;

Fig. 3 are wave forms showing vibrations of two

25



of noise of a jet flow generating apparatus using a sound pressure neter;

10 Fig. 7 is a schematic diagram descri bing a conbi ned
sound waves generated by two sound sources
di agram descri bi ng a conbi ned
two sound sources
muting operation in the case that there are four chanbers.
schemati ¢ di agram showi ng wave forns in

sound sources and their sound 20 waves have different phases; Fig.

graph show ngibabtubatethtreesul ts of
Fig. 12 is a sectiggal Vi ew show n
according to anot her
a jet flow geearatfngfeapparaatple, aeaordi ¢igig o sanaidhereapbodi ment ;

jet fl.ow eneratin

ig. perspe

.a_j : appar.at,us
gér?bb%?r?eerﬁsfpecgévﬁ'“ewl Pt PP ERRET 98 W show ng
Fig. 14

sound wave of the
A and B; Fig. 8 is a schematic
sound wave of the sound waves generated by
15 A and B; Fig. 9 are schematic diagrans describing a
Fig. 10 is a
the case that there are three

11 is a

conbi ned waves of two sound waves;

is a schematic dia tan1§homﬁn M%Xﬁéfor in the case that, for exanple,

two chanbers descrifb&8d

bbv e &d4and

gener at edsi nchB@at¥eri S ONaAbRI Sy ar éhsidrle8d shY c lé0he bk Ong k8nks &
schemati c di agram showi ng wave forns of 26 the sound waves generated in

three chanbef8Maffg. 16 is a table showing ratios of harnonics against a

basic wave in the e t Shea i i i ht.S
40 % thereof; 5 Fig?§i7épg gq%ecti%ﬁgrkéggﬁf%%gifkgﬁgm%e?eéggw

10

15

20

25

30

of noise of a jet flow generating apparatus using a sound
pressure meter;

Fig. 7 is a schematic diagram describing a combined
sound wave of the sound waves generated by two sound sources
A and B;

Fig. 8 is a schematic diagram describing a combined
sound wave of the sound waves generated by two sound sources
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 scund sources and their sound
waves have different phases;

Fig. 11 is a graph showing calculated results of
combined waves of two sound waves;

Fig. 12 is & sectional view showing a jet flow
generating apparatus according to another embodiment;

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
chambers are shifted by 180°;

Fig. 15 is a schematic diagram showing wave forms of

26
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generating apparatus according to another enbodi nent, the sectional view
taken along line B - B shown in Fig. 18; Fig. 18 is a sectional view taken
along line A- Ashowmm in Fig. 17; 10 Fig. 19 is a schematic di agram
showing a jet flow generating apparatus accordi ng to another enbodi nent;
Fig. 20 is a table showing an exanple in the case that a signal of a

vi bration control unit is adjusted at a basic frequency of 100 (Hz) so
that distortion conponents as 15 harnoni c conponents are decreased; Fig. 21
is a schematic diagramshowing a jet flow generating apparatus according
to anot her embedsmemd ;wawy.ge2@rpted Secthmvalchambrrshowi ng a jet flow

generati ng apparatuys _accotdin anot her enbodi t; 20.Fig. 23 is a
schemati c diagr ag}. gﬁ%wﬁnéglaasgﬁﬁgemﬁ%\;’gnﬁnr Jsosjggggw{m:&mgfﬁea?aejtnsﬁ owf 200
generati ng appbadidtisveshovim the &age t & Hpegkat i dirlivenfweeguensy o
(Hz); Fig. 24 is a schematjc dia éan1s owing a first conbined wave form
and a second*@&RBi hH 8 & 3 fEFated by two 25 jet flow generating

appar atusgs shown FagFi 97 22 anbdthenhl ¢o8PiHed.wayve feenelbhg. 25 is a
schemati c di agram showi ng a noi se spectrum FI%. 26 is a sectional view
showi ng a j e@SPPBEAIREMARRGA T SappaPating et Grdithgrt 8aRSt TRt e Mddi ment  of

the 30 presemibehByenty Ol fsh@n 31oh§ RiSeG i-onalnki,awsshewing 4 jet flow
27 generating enbodinment Fig.
Fig. 18 is a sectional view taken aleong line A — A shown
in Fig. 17;

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

generating apparatus according to ancther 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

15 harmonic components are decreased;

Fig. 21 is & schematic diagram showing a jet flow
generating apparatus according toe ancother embodiment;

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

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

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

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

Fig. 251is a schematic diagram showing a noise spectrum;
Fig. 26 is a sectional view showing a jet flow
generating apparatus according to another embodiment of the

30 present invention;

Fig. 27 is & sectional view showing a jet flow
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generating 5 enbodinment Fig. generating enbodinent Fig. 10 generating
apparatus according to a nodification of the shown in Fig. 26; 28 is a
sectional view showing a jet flow apparatus according to another

nodi fication of the shown in Fig. 26; 29 is a sectional view showng a jet
fl ow apparatus according to another nodification of the shown in Fig. 26;
30 is a sectional view showing a jet flow apparatus according to another
enbodi ment of the present invention; 15 20 Fig. generating Fig.

generating enbodinment Fig. generating enbodinent Fig. 31 is a sectional
vi ew showi ngganpedtihgwpparatus according to a modification of the

embodiment shown in Fig. 26;

Fig. 28 is a sectional view showing a jet flow

generating apparatus according to another modification of the
5 embodiment shown in Fig. 26;

Fig. 29 is a sectional view showing a jet flow
generating apparatus according to another modification 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 secticnal view showing an
actuator according to a modification (No. 1}:

Fig. 35 is an enlarged secticnal view showing an
actuator according to another modification (No. 2};

Fig. 36 is an enlarged sectional view showing an

26 actuator according to another modification (No. 3};

Fig. 37 is an enlarged secticnal view showing an
actuator according to another modification (No. 4}:

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

30 embodiment shown in Fig. 32;

Fig. 39 is a schematic diagram showing a jet flow
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apparatus havi ng one speaker; 32 is a schematic diagramshowing a jet flow
apparatus according to a nodification of the shown in Fig. 30; 33 is a
schematic diagram showing a jet flow apparatus according to a nodification
of the shown in Fig. 32; 34 is an enlarged sectional view show ng an
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 showi ng an 25 actuator accordi ng
to another nodification (No. 3); Fig. 37 is an enlarged sectional view
showi ng an getaatbin@eppadangs bocandimekorpdithecatdddiichibiodpt thieg. 38 i s

a schematic d%ggran1sho i g a '%L fl W, generating apparatus according to
¢ 2 1507808

anot her modi FIeaton of° ifrent shown in Fig. 32; Fig. 39 is a

schemati c di agram ghow ag s jetpddspec2Bvgentsatdmgriappar geustaseording to
anot her nodification of the

enbodi nent shown in Fig. 28; Fig. 40 is a
per specti ve FFB&RTEhLU ﬁ@’P&rF&PSf%‘Eﬁﬁrdg‘éﬂﬁeF%m?&h&ﬁp%P%?%ﬂ%csFoﬁgﬁg to
another egbog&gggﬁto{n¢éﬁtiai;present invenpion; Fig. 41 is_a per spective
vi ew describing a practical wusage of the jet flow generating apparatus
shown in Fig. 40; Ffpg.4UZs & RepERefedts Veeyi €a9 YHoWNTg2aPTaet ¥9adw
gener ating alﬁgégét&? tRECALAiAg,t Lo fe Ry S04 O shBgn 10 FegbOgy ment
shown in Fig. 40;

Fig. 42 is a perspective view showing a Jjet flow
generating apparatus according to a modification of the

10 embodiment shown in Fig. 40;

Fig. 43 is a sectlonal view showing a jet flow
generating apparatus according to another embodiment;

Fig. 44 is a perspective view showing a jet flow
generating apparatus according to another modificaticn of the

15 embodiment shown in Fig. 40;

Fig. 45 is a sectional view showing nozzles shown in
Fig. 44;

Fig. 46 i1s a sectional view showing nozzles of a jet
flow generating apparatus according to a modification of the

20 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 nezzles
that are bent (Ne. 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. 43 is a sectional view showing a jet flow generating apparatus
according to another enbodinent; Fig. 44 is a perspective view show ng a
jet flow generating apparatus according to another nodification of the 15
enbodi ment shown in Fig. 40; Fig. 45 is a sectional view show ng nozzl es
shown in Fig. 44; Fig. 46 is a sectional view show ng nozzles of a jet

fl ow generating apparatus according to a nodification of the 20 enbodi nent
shown in Figs. 44 and 45; Fig. 47 is a schematic di agram show ng an exanpl e
of the usage of the jet flow generating apparatus having nozzles that are
bent (No. 1); Fig. F48.i 8l aischemattiondilagiam showirmg aafjeexaipke of 25 the

usage of the jet flow generating a rat us _having nozzl.es .that. are bent
(Roo 2); FigTeRGRETEE ERFFBRAT 2ot Bn bRb P g X e T G2 e RBPAL iy
appar at us acesbdingehp s@igirhdn eabhodiépent; Fig. 50 is a sectional view

showing a jet flow_30 gﬁgerati ng apparatus according to a nodification of
the enbodi ment sh&wA'in®AY.2 FRCBETRLGVIGY FROWNG & SERAKSTI BWPShowi ng a

jet flow 50erRekahiNgg aRRM=ALEE AEEON AT dt0 raBpthalevdinki gabd o f the
enbodi ment shown in Fig. 49; Fig. 52 is a sectional view show ng a speaker
type 5 vi br &FR§IERE hhi A thsad emhodipeRt £ | ow generating apparat us

accor ding to anot hek embodiMenti  fi 9 e 53 rio%iAgPh AN QW ShEYL pg, a,vi bration
pl ate, an edge nenbér, and so forth shown 1n"Fig. 52; and
edge member, and so forth shown in Fig. 52; and
Fig. 54 is a sectional view showing a vibrating
10 mechanism in which two vibrating mechanisms shown in Fig. 53

are symmetrically arranged.
DETATILED 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 present 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 vibrating
mechanisms 5 and 6 have vibration plates 7 and 8, respectively.
The vibration 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 structure of, for example, a speaker. The vibrating

mechanisms 5 and 6 each are composed of a coil, a magnet, and
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Fig. 54 is a sectional view showng a vibrating 10 nechanismin which two
vi brating nmechani snms shown in Fig. 53 are symetrically arranged. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 15 Next, with reference to the acconpanyi ng
drawi ngs, an enbodi ment of the present invention will be described. Fig. 1
is a perspective view showing 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 vishr &brhly (methaaticsms .5 Bl WBibrmagdpecblabdy. 7 Hrel \8 birat i ng

mechani snms 5 _and 6. have vi.bration pl.at 7..and 8, re ctively.. The

Ui brati on pl Aodinge AER PR TESRRcR T BFe Si280F Yont RV b padt o
exanpl e, PETthpokyet hyl ene terephthalate) film or the like. The vibrating
mechani sms 5 and 6 each have a 30 structure of, for exanple, a speaker.

The vi brating nechanisns 5 and 6 each are conposed of a coil, a magnet, and

30 so forth (not shawniasidde M binat nonrplat @Sanband 182684 8syymetri cal
with respect to the directions of the vibrations thereof. 5 The casings 11

and 12 form ERERBEFSVANY aRbe 1IgWIPerssheEnfel 32 crisd aFrfdédsd Midthand 12a
each are filLedh W ths @ 088:, A1 80AS, 108 BXAP8eqdl T f&:%ﬁ%ﬁed' A
plurality of nozzles 13 and 14 are di sposed as openings oh side surfaces
of the casi ngé nMdzzdred 12 andelshece idisppselarhoptaithey onwideotudfadesve a
plurality of no 1 ., NO es_ 14 but -.one nozzle .13 (or nqQzzle 14).
I'n addition, ogstztg g\%sqn?%é ailgénc?lighdrezs,p)e’ctlvely. Epac%l chamber may nch
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 1lb and 11b are formed at the upper
portions of the casings 11 and 12, respectively. The
vibrating mechanisms 5 and 6 are disposed so that they cover

20 the hole portions 1llb and 12b, respectively.

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

26 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 vibrating
mechanisms 5 and 6 so that vibrations of air generated by the

30 vibrating mechanisms 5 and 6 are offset or weakened.
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t he nozzl es such as the nozzle 13 and so forth may not protrude fromthe
casing 11 and so forth, respectively. Alternatively, the nozzles such as
the nozzle 13 and so forth may be forned 15 in the wall surfaces of the
casing 11 and so forth. Hole portions Iib and I1b are forned at the upper
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 Iib and 12b,
respectively. The vibrating nmechanisms 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 vol t &ge deeinbe 125a1wd bEatEngadm@f\amiszrhﬁy&iaﬁcﬁ rﬁateanidila control
circuit 16 that controt:g1 th ve forms of the wﬂgatl%ns of { vi brating
mechani snms 5 ang 8 A V\/lllf gescFJ %éaa]I M4 P SREFEPS 1hitP4o causes
the control aerete tfojfﬁtetiolm,orfton:oéxéxtme/,l laraé«tmgumhparanseﬁepmfécﬁ so that
vibrations of air genergr,ﬂed by the .30 vibrating nechanisns 5 and 6 are

of fset or we3RBRBd. BFf FAPTHsMAGET 1A anPPEBIRPE AdeSBriorHh ghIN S i gi d

material ssuehsasgd Metala 1206L-exanpp! andl umngmsghetr@saﬂs@%sll and 12
are fornmed in, for exanple, a rectangular parallele shape. The

shapes, mat ePREPEIabpheriigse Eowtts @ bhe i idrathen Bf%"a%ﬁ r?g§n9§186@r¥@ 12 are
the sane. Likew sgnothe shapes, materials, and so forth of the vibration
plates 7 and 8 are the same. Next, the operation of the jet flow
generating 10 apparatus 1 structured as descri bed above will be descri bed.

o Tl by e M bEO Rl S SefiaBiag 2 10
and 12a ilficr epperstusiacs caseturAsi &’Eleiescrlbed 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 lla and 12a increase or decrease. As the
volumes of the vibration plates 7 and 8 vary, the internal
15 pressures of the chambers lla and 12a alsovary. Consequently,
air streams pulsatively generate through the nozzles 13 and
14. When the wvibration plate 7 deforms in the direction in
which the volume of the chamber 1lla increases, the internal
pressure of the chamber lla decreases. Thus, outer 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 1l1a decreases, the internal
pressure of the chamber 1la 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 mechanism 6, the chamber 12a, and so forth. When
the jet air is discharged to, for example, a highly heated

portion, it can be cooled.

30 On the other hand, the vibrations of the vibration

plates 7 and B are propagated as sound waves in air, In other
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vol unes of the vibration plates 7 and 8 vary, the internal 15 pressures of
the chanbers 1la and 12a al so vary. Consequently, air streans pul satively
generate through the nozzles 13 and 14. \Wen the vibration plate 7 deforns
in the direction in which the volune of the chanber Ila increases, the
internal pressure of the chanber Ila 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 1].a decreases, the internal pressure of the chanber Ila

i ncreases. Awogdpestrdidesi pikrjet Hé owhantimeyud ghesnpzt tesd 1Boandhel out si de of

the casing 11.25 through th zzl es 13. These operatjans_apply to the
vi brating nec;l:iﬁgn}n'é?ﬁa&l Te oghgﬁ%e‘Fﬁi a,loélngﬁgge?gft%d %Eﬁug%)hé/eeriseet air is
di schar ged t apdf thiiexarmliensachisghl yoheatfedmeforttothe thadbebe 1deol ed. 30

On the ot her han the vibratiqons of_ the vibration | ates 7 and 8 are
pr opagat ed a?ngog?ﬁj TRVEE i°r‘|1t§ilrflfa‘l rf\%t%étes§étm?d§?£’%§’iad’€s 35 P jet flows

through tbe neaghesdild ARbvd4akebhf Adehr ath®BsuRE wahe pddulsi o 4 ates 7
and 8 cause dense and thin portions of air to be formed fromthe chanbers

11a and 12alPPanied adesi ddie Peise FesNPE 248 SoRfkR vt B balw f5omddyi t udi nal
wave takes place;dhes sgupd mave beconmes noise. I n particular, the noise
sounds are generated mainly fromthe nozzles 13 and 14. To suppress the
forgoi ng noise, as shown in Fig. 3, 10 the vibrations of the vibration

plates 7 and 8 are 80%1 lled by LIFh% Sgrqér cI)isuenit lg %vc\)mtggt lIhe vi brations
of air generated Ey casl ngs T 4n are o se%1 or vveaieqfedg'each
ot her. 3pecithecaldnativhe of hhattionstdoe wotta=ol led 8 @rchadnt el Mmave

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 become

5 the same and the phases thereof become inverse. Thus, since

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
generating 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

25 apparatus 1l 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 heat

radiation fins 52. As a result, a thermal boundary layer is
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forms of the vibrations of the vibration plates 7 and 8 becone 15 the sane
and t he phases thereof becone inverse. Thus, since the wave forns weaken
each other, the noise of the apparatus 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 I C chip 50
is disposed in contact wth a heat spreader (or a heat transporting nenber
having a heat pipe function). A plurality of heat radiation fins 52 is
mounted on a heat spreader 51. The jet flow generating 25 apparatus 1 is

di sposed so tileametihe T rejpere filtowsomexehplap Aleewibidt iinddhdmiceng he heat

radi ation fins . Th t _geperated by .the 1C chi Q0 is _spread by the
heat spreade;}’ gﬁéagdﬁeﬁ%ﬁg g’rgr 28 1o Gﬁﬁe%ﬁje:g? J?%%ijaettf)g‘riow’ng'.eg%ﬁaatﬁen,
hi ghl y heat eébyathe nernmilrs LB ddk i ebnaty tofe hbetheadiatiati aiheref.i ns 52.

As a result, t hermal boundary | ayer is 33 forned. To renove it, for
exanpl e, the T&eb}%ﬁ Eﬁ@w Cra 'é?ﬁst 8TBAY PO WABF R YT -asht & Tr¥tHar ge t he
jet flowssgergeahedt by dhmdrazelgsridiapek 14 toward the heat radiation
fins 52. The jet flows break the thermal boundary layer. As a result, 5

the heat is effectively radiated. According to an enbodi ment of the present

invention, as thexpupbeinQfe iR ahuldgi MBENAR SHB p&lé%%nﬂsiaﬁ%efi&{ ating

mechani sm5 and so forth or the nunber of casings such as t 10 casting 11
and so fort haar eh¢ mumbggsedf oribaatiihg waphdtiagess suoh ashdéhei bittatnigig

rechan ST, SUah-gs i YRIAl KOBLTRGDANL Sfke -0 AR Byl ence
vi br at i ng0nechaniisgsll sugh sasfoheh \diy dhicngases hanisamtheaatdpsdrddear t h can
be Increasedbf 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.
15 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. 1In contrast, even
if the number of vibrating mechanisms such as the vibratihg
mechanism 5 and so forth is increased or the amplitudes
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 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



15 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 nunber of vibrating
mechani snms such as the vibrating nmechanism5 and so forth is increased 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 fromgenerating. 25 In addition,
according to the enbodi nent of the present invention, since the plurality

of nozzles 13 (or e rranged.in.the Y direction, .the heat of a heat
generati ng nenber%%gﬁ%%%n%$¥%g?%§gF?%%§8ngggtﬁﬁ:%%%%¥1aﬁ%%?%&%??%he 30
| engt h in theiXcdiatetéaontbhé tiheartddhatliade sfa s s stedo o T1evi heated adi ati on

fins 52 and so forth. 34 According tqQ the enbodi nrent of the present
nvention.  SPAcERSEIREs TR ADPALPSh itk GS AR ATHUSHRAAE ISPRA br at ed

and the seundrsavesvalg offtlsset thiansodnde VaAS thamdiesdmBkewdaddact i vel y
of fset than the case that the noise is weakened by two fans that discharge

air. Since tR¥ SBANEPIRMVEATHELSCRITHRUPR- fPERTRAET &RUPE YeverEaly noi sy,
it mght be i@'EEt?Hﬁtfédh'Bﬂéef%ﬂeigogéﬁéﬂﬁff&‘HBR%?,t%Q hagse O Next, an
experinmental result about the nolse ecreasing effect using the jet flow
gener ati ng appafacust 1to widtle dedasépe betth |thadee tegpéansent, the jet flow
generating apparatus 1 has the follow ng dinensions. a = 100 (m), b = 18

(m), ¢ =50 (M, d =20 (M,
10

Next, an experimental result about the noise
decreasing effect using the jet flow generating apparatus 1
will be described. In the experiment, the jet flowgenerating
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 fregquencies 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 level, how

25 he or she can hear it. In other words, the graph represents
that with reference to a sound wave of 1 (kHz), at what
intensity a human can hear sounds of individual frequencies.
The graph shows that in the same sound pressure level, a human
can hear a sound oﬁ 50 (Hz) weaker than a sound of 1 (kHz)

30 by 30 (dB}. The sound pressure level Lp (dB) is defined by
the following formula (1)}.
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15 e =25 (m), f =40 (mm, dianeters of nozzles 13 and 14 =3 (nm ..
Condition (1) In addition, the frequencies of the vibrating nmechanisns 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 -l 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 same sound pressure |level, how 25 he or she can
hear it. In other words, the graph represents that with reference to a
sound wave of 1 (kHe)T 2@lath@t/plint.ensFeymalauiien can hear sounds of

i ndi vi dual frequengi The graph _shows_that in the s soun essure
| evel , a hunman caﬁhﬁg%rpaa§3%ﬁﬁngf gge(?ﬁ3né aKer rﬁaggg)éo%%% of 1 (kHz)

30 by 30 (dByepFbgcstsind qyreseute bewed gaed«iBk i(zodgbined by the
following formula (1). 35 Lp = 20l og(p/pO ... Fornula (1) Were p
represents the sound pressure (Pa), and pO represents a reference sound

pressure §20 SPa). rbgFi@isbaigrabriEBBRiSHAIrRgu1 8 dETukt n@dsdgnammasur ement
of noise by the jet flow generating apparatus 1 using a sound pressure
meter. The gPAPHIsoRE B estifl oyr IenRr aedsurRPRR tUDE Y He BB R Raves in a

frequency bapdeteon aiaund 2hd Hkon'hAl 4. dbiceh hosamapdiidl e range

of human. In addition, 10 the graph shows "sound pressure |evel” rather
t han "noi se ofetkst "sourguyaveheigraghreiavienoy baomparsat edowntd 2@ hidlz)or egoi ng

A characteri gti £, &Hﬂ?) F%ﬁ?gh%{]seéé‘éh‘aiia?%{ﬁlad T%s ﬂ@huﬁgﬁpe@aﬁ&tﬂ ™,
accordance with the audible characteristic of human). nsequeﬁFﬁy, t he
graph shdwn itheFggaplo steprsedeptisdt hat¢sasre 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
15 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
distance 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 fcllowing effect
25 can be obtained. In other words, the sound waves generated
by the nczzles such as the nozzle 13 and so forth dec not
strengthen each other with almost the maximum amplitude, the
noise can be almost prevented from generating. Next, the
reason why the foregoing effect can be obtained will be

30 described.
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15 the frequency becones | ower, the sound pressure | evel beconmes higher.
However, the noise that humans can hear does not al nost vary. The graph
shows that the sound waves nost effectively weaken each other at 100 (Hz).
20 When the distance between 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 () d < 2/2 ... 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 eaéh sidwer iw Fhoal fosthet Héshaxtenbmtargeni thdeoparhiag noi se

can be al nost .prevented_fromgenerating. Next, the .reasqQ t.he
f oregoi ng ef gcégct}ne t():eag% ai %l:ad av"'h?il Fh‘fg)eoP%ngeéér?%et = §Eaﬁg]§h@v§m in Fig.
7, the di staneedbebwedrbit ke opledidigtahteobft he thaddiertdd &y And THae openi ng

14 of the chanber 12a _is denoted by d. K The distance .of AP |s denoted by h.
The di st ancE*5F2BRP i &Enb?efgefb‘ifﬁdybp’flrhl-f it TstsAd FEBALLRRASL/ 2 of

the wave fengt/h & efetiiereS DAL MAVES c BENRS ALY §ONOH: t SPULCESuy and B of
the chanbers 1lla and 12a and the phases of these sound waves are inverse,

the two sound°Waves iR c&athe gifeershélerinthdiZe aefi hveilmssifows t hat

t he maxi num o%i Eﬂésé)fsohﬂd'wa]vjeé- §rg1irﬂ)%%le¥1tﬂé.' tinroi éounﬁi %avgg%a]&nneeds 10
to be smaller than the half wave length, nanely d < A /2. Wien the

di stanced i sedehiodtri.n The stufemgde, de et itomo sbowndc ey 8be o inoim

strengthen eagh ptper with the gl npst fpxijgum ; anpld tudgs, 19 Jhis
phenonmenon can be al so un érs 0ot Wt h %aJe fronts !

10 to be smaller than the half wave length, namely d < A/2, When

the distance d is defined in this manner, these two sound waves

do not strengthen 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. 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 B is d < A/2 and
the phases thereof are inverse. Thus, the two scund waves
weaken each other at a plurality of points C (white circles)

25 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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of the sound waves generated by the two sound sources A and B as shown in
Fig. 8. Inthe 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 repreésents a crest,
whereas a broken line of the wave front represents a trough. The distance
d between the sound sources A and Bis d < X2 and the phases thereof are
i nverse. Thus, the two sound waves weaken each other at a plurality of
points C (white circles) 25 with the maxi mum anplitude. As a result, there
are no positions FhatexsmeErgt Whan wilteh nuhbenexd whambapsitude. iAdds ding to
t he enbodi ne t esent Jdnvention s lang.as the foregaing formula
(2) is satispﬁgg%stﬁﬁ s‘%ﬁ%?ndBHag?st %n%ﬁ%ﬁﬁtfglgﬁ g%a?%ﬁﬁiqﬁ%é not

restricted. 3RiFeedexanpbt/2 whesnt Bed iHdeibest chamarssi s add 8fadde
phases of the,gougd MQ es generated in the cganbers are_ _shifted by 360/2 =
180 and the Vi-BF&FFdn é?df € PPHHAES APECTIRDr at e FEABL haFES S are

i nverted. sAsyaveeSuéikerd e SOWREerD> Waves weaken each other. In addition,
as shown in Fig. 9, when four chanbers A, B, C, and D are used, if the
wave | engths and anplitudes of the sound waves generated in the chanbers

A, B, C and D 10 gpe,bhe: S3HTE.a st BaoRRasesrof. tdie Waue hok ey afd:he sound
waves generated in the chanbers A and B are the sanme, and the phases of

the wave for s Bf dhendobrmkavases, geherat @dvienlenetivhanbersplifwed B are
180 cach, the st uEtor hEl IR B ks A narne A
chanber s1ls aréwler eamer the Bhades 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, ...)
and the wave lengths and amplitudes of the sound 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 waves 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,

26  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 sclid 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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and the wave | engths and anplitudes of the sound waves generated in the
chanbers are al nost the sane, the control 20 unit 10 may cause the wave
forms of the sound waves generated in the chanbers to have phase

di fferences of 360/ n. Thus, conbined waves of the sound waves of the
entire system containing n chanbers weaken each other. In reality, Fig.

10 shows phase differences of the sound waves in the case of, 25 for
exanple, n = 3. The phase differences of three wave forms X, Y, and Z need
to be shifted by 120 each. As a result, the conbined wave is represented
by a solid | chemMérdhus A, the athnnmﬂME$hmmakenaﬁaehxmkhetheaﬂﬂMhen t he

nunber of chan‘gega&&éﬁ ergac%iaecz% ﬁarrtl) )df a)(_({jaf: Ve, Ie trh of each

of the sound Waves™ gener e anp udes

t hereof are abnﬁst(mthetlsarﬁaqlloarﬁdgt Iﬂenﬁimlsatafmemf sadp.aﬁﬁékﬁ openi ngs of

adj acent chanbers s the followng fornula can be satisfied. d <
2/{2(n - 1) } ... Bof ({azner) Fn-thi §°F¥B&E: the di stance between openings

that are sthe nost rspeeed @Rl t ths ddtabdeNbetiedn -opariegst bRavame | engt h
is sufficiently larger than the distance, the conmbi ned wave forms of the

sound waves §bAcreRtedrAed pachahhers2Weakahl eadtincet tee weggakefiads of the
posi tions andgdifeefdQns ither el thl%nlghgt&l%rtamédsthéIC%EWSlBQﬁ W UM

anplitudes of the sound waves ~generated by the openings of the chanbers do
no strengt hefiormsnd hiod seund Wtarvesaqm'aamtml Uanhbe:hamhass verdeargaath f rom

generating. 13, When Linee chanbers fy B, a0daG.ate used. Ly can, generate
t he sound waves © t e wave 1 eng eac e sound waves
gener at edCi nother chardsgr sihse Xhet hex mawre afpl frsudes 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 generated in the chambers is A, the wave forms
of the sound waves generated in the chambers A and B have an
amplitude a and the same phase, 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 1in the chambers A, B, and C weaken each other. 2As a result,
the combined wave form becomes flat. Consequently, the

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

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

A/2 in the foregoing experiment using the jet flow generating
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of the sound waves generated in the chanbers A and B have an anplitude a
and the sane phase, and the anplitude of a sound 20 wave generated in the
chanber Cis 2 x a, and the 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
t he chanbers A, B, and C weaken each other. As a result, the conbined wave
form becones flat. Consequently, the muting effect can be obtained. Fig.
11 is a graphpshoatng Tondnnede wawash ofitt wansbantho@thtwehres wheh a
parameter of a t ance ra fromk/ 180 to k/2 in the.fo i.ng
xpor | mont USTRYLEHES |t EOUPEEREhANY SOORPIUIE B TE A TR inh, i
can be thougbt that phemenpl vhude. o haiyecdscalinmubdi eephesenite a

rel ative value of each araneter value. In this case, in addition to the

f or egoi ng exﬁ@FFﬁ@h?%JeﬁﬁﬁHFFWGﬁ (59291 HeR of Y owithg 5OLLAHRY on was added.
Vel ocity gf @oﬁgyggoﬂwgg%-ad&gé (ms), frequency f = 100 (Hz) ... Condition
(2) Inthis case, since il =v/f, A=3.45 (m. The anplitudes of the two
sound sources are Yeéaehty 19F ‘ﬁq@oyﬂépﬁagﬁows:i hatn/wid v hfgegusnsy £ e
anpl i tude be (ma I ther words, when the follow ng
equation is gggfﬁg ﬂed gkgkg%%oP.? Eornula (4) 151t is clear that the
sound of the two chanbeis dcssayeakere hhanvthe seurd 46f (mpe amenber using

one vibrati On B!I.agudes oe{' the two sound sources are 1 each.

10
The graph shows that with d=2A/6, the amplitude 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 cne 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/M6(n - 1)} ... Formula (5)
The resultant sound is weaker than the 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 formula (4). In the jet flow generating apparatus 1 used
in the experiment, since d is 0.025 (m), the formulas (2) and

30 (4) are sufficiently satisfied.
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three sound sources are used, it is necessary to satisfy the condition of
2d < A /6. In other words, when the nunber of wvibration plates is n (where

n=2 3 4, ...), if the following 20 condition is satisfied. d < 2/{ 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 2 =3.45 (m , it is necessary to
satisfy d < k/2 = 1.725 (m given by the fornmula (2) or d < X6 =0 .57 5
(m given by the fornmula (4) . In the jet flow generating apparatus 1 used
in the experinment, Wsencehal sihap@s(;)zsi:(ms), ,antiheofbcnruhapi (:ﬁ? catmdnbe&@ (4) are
sufficiently Satlﬁfled 40 entth% 00%15 tﬁ and SQ ih %f t wo
chambers ar&“Fh r?én,e’ & SAfisFies GHY O&é’igng ormJIa (2) or

formula (4), oﬁ:hﬂoﬁhaﬁe$4aﬂ&l'ﬁd ZRapes dﬂwsﬁbaﬂbﬁ’( sharcﬁlamiersr@sé mcgted. In
addition, the arrangenent of the two chambers 5 is not restricted, and nor

are the shap&§SoFifhed opdRiays tand: TS, ITERNISRRRS OWhBR HTReChab e Sow

generating apRac WeslristedPUHALEhY AranR §6LHODIE QY iopenAYs RGN
internal heat generating menber, the relation of the posi tions of the heat

gener ati ng néfRBéteand Thie | ereq IR gehefla ggnapphied @Prereans1b e changed
where necessgpy,: g raq‘?léllte’ctg‘enﬂ:e&é{'ﬂ% %aﬁlﬁw Cen ¢AP-AS£axldy designed.

Fig. 12 is a sectional view show ng a ]et ow generat| ng appar at us
accordi ng toganathbxn@nbmdenerttheoteth‘ea.d;s ofr eseposiiniens iadhthdhegtet fl ow

generating aegagggg o ageord di g Lo, th| sfl%quoedrllerreq:tm sade ro'_;"tteud Qy reference
nuner al he jle g”“ow genera appara us et ose
10 bechangedwherenecessary. Asaxesult,anelectronicdev1ce

can be easily designed.

FPig. 12 is a sectional view showing a jet flow
generating apparatus according to another embodiment of the
15 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 22k. 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 partitioconed chambers 22a and 22b,
respectively. The opening 2Z2c (or 22d) may be one opening
or a plurality of openings. The shapes, sizes, and so forth
256 of the openings 22c and 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 foregoing embodiment, as a vibrating
30 mechanism 25, for example, a speaker may be used. Inaddition,

a control unit 20 that controls the vibrating mechanism 25
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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 chanmbers 22a and
22b are al nost the sanme. The chanbers 22a and 22b conpose a chanber group.
Openi ngs 22c and 22d are forned in the partitioned chanbers 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 22c and 22d
are alnost the sanme. The materials and so forth of the casing 22, the
vibration plate 27, and so forth of the jet flow generating apparatus 21
may be the Sankudsstdgsereaf stpplyetiftwiv genkersat ifngthppasatamplshewn in
Fig. 1. Like the fore qggqrggpodinent, as a vibrating 30 mechani sm 25, for
exanpl e, a 56é8R8?lﬂ%€ %5ed%°rn addition, a control unit 20 that
controls the vibrating nmechani sm 25 41 includes a power supply circuit and
so forth that apply a sinusoidal AC valtage, Next, the operation of the

j et flom/generatinéeﬁtapﬁﬁﬁzﬂRﬁ¥?§f°ﬁa9ﬁnbh?hﬁa?d?é@bﬁﬁ§e§FFhE?ure will be

describeds TBBa6QPEE Oh HHYitn2OhdEbLYESoINE s¥EBERLF DG TRGRANE IR iF2 S0 as  tO
sinusoidally vibrate the vibration plate 27. As a result, the internal

pressures of ThRecemartendi220 sivd veabths teibratang meehardase 2An%P décr ease.
Thus, air st rt%asrﬁ]&%;]]%%ﬁ&? Jityr%%htﬂé)vﬁg?a%)@rp RGSe 24C and Zg%ul-@‘,e. air
tely flow Si the

streans alterna fromthe in e to the outside o casing 22
and from t hethensitéenhd driessouesiaethdehenber SEAgenal 32h slteswhialged to
the outside of the casi |,r_can,be dischar%ed t for gganple, a

nighly. heat od "BETEPOR LD SR P8 Ro0l THr T4 R 1o PREF AL R ics. t ne
jet flowdodi sebasgetings 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. 8Since the shapes and
so forth of the chambers 22a and 22b are the same as those
of the cpenings 22¢ and 22d, the wave forms of the sound waves
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.
Inparticular, when the distance d between the cpenings

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

80 noise of the apparatus can be decreased.
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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 openings 22c 20 and 22d are generated fromthe
front surface and the rear surface of the sanme vibration plate. Since the
shapes and so forth of the chanbers 22a and 22b are the sane as those of
t he openi ngs 22c and 22d, the wave forns of the sound waves are the sane
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
appar atus i s suppr#@ssedthe i grarfilicoubgnerphang tdrpatiagugnéé dapetfmen t he

openi ngs 22 2 i sfl : i | as .and (.3), the 30
noi se of theggggg%éf3§§%gﬁﬁﬁg§%%%?§5%@%%9%§gaﬁ%%&g%ggfﬁ%g%T%%ﬁiéﬁ%ﬁaIing
appar at us 21oliasheferbodixem ehotvhr e Brgnurk ifbraki agphechisyd sire as a

nodi fication__of the odi.nment, sho in Fig.,12, if the anplitudes and
phases of t hBRGPBT &t ﬁﬁgﬁlﬁré‘glgpep%e@sﬁéﬁ%c{jﬁ?t?%n@%vﬁf?@ d W3¥ESaken each
other. Fig. %3ak&nacfpeh Sperir.ve view showing a jet flow generating
apparatus according to another enbodi nent of the present invention. The
jet flow generating apparatus 10 according to this enbodi nent is denoted by

reference numeral p4d. The;d & Jdap.genptaling ARRAKAL US4 bag,a plurality
of nozzles 43 and a plurality of nozzles 44 that aré algernately arranged

at interval sgghenaiing apperdton adrerndiodckeiangsher erbrflitent| af gdvet i cul ar,
|0 the exanPhgeshie MUY Ofne IR09ALl LA 20M 4 NG IR 1Y Of
nozzl es 44 are one-di nensionally arranged. In thrs &fr ture, the sane
ef fect ad0t hecpetdihgwogemsy atnbndingparist deescatbprmdifirgehoe numeral
41. The jet flow generating apparatus 41 has a plurality of
nozzles 43 and a plurality of nozzles 44 that are alternately
arranged at intervals of a distance d on the two casings 11
and 12, In particular, in the example, the plurality of
16 nozzles 43 and the plurality of nozzles 44 are
one-dimensionally arranged. In this structure, the same
effect as the jet flow generating apparatuses according to
the foregoing embodiments can be obtained. 1In 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 modifications of the embodiments.

For example, the casings such as the casing 11 and so
forth may have a sound abscrbing 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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t he foregoi ng enbodi nents can be obtained. In other words, when only the
di stance d satisfies the foregoing fornmulas (2) 20 and (3), the heat

radi ati ng process can be effectively perforned while the noise is
prevented from generating. The present invention is not limted to the
foregoi ng enbodi nents. Instead, the present invention can be applied 25
to various nodifications of the enbodi nents. For exanple, the casings such
as the casing 11 and so forth may have a sound absorbing nenber and a lid
menber. As the sound absorbi ng nmenber, for exanple, glass wool can be 30
used. Thus, the noise of the apparatus can be further decreased. 43 In the

foregoi ng descriptio t he shapes .and teria f _the _chanbers,. the
shapes of the opem&ﬁgndsh,e e Eha] csie% FR Y %ﬁ%ts?lgﬁeﬁlaadgrggp?%leals%apes,
materi al s, aed sbefdidnberse bhyidaid O Pkatespanichdd)e tdei yhagesdeyd ces
thereof are the sane. . However, as |long as the wave fornms of the sound
waves gener at-88 v attﬁgn&%ﬁer?gs%b? Sgﬁgeéhé‘ﬁt’f&%a&?e FReSLLRE ChAIS he
phases 0f thepsabEh PaYESsane (HWEFiethg §80i SEDPREr 8980 therddnof the
chanbers and vi bration plates may be different fromeach 10 other.

Accor di ng t o PHEVEBr é§oi 1Y TRBBEITRE ST SO RERAS T VR FRRITHF have
forms so as iogeaflé YerQhoWeakam A Bhithals the Ahet Homs Qtd HBUSS, £ACH Ot her,

t he di stance tween adj acent 15 openings forned in a chanber and the
vi brati ons offthlee sdumdawangs reechanventedr eeheonthepes exthd Howorth dthe

present T nveptian s, NoL,4 Lmted; £2 hAt examaleq; ALLEINAE LSl yu L he vave
fornms can be a ju§%e§ 3ependﬁng on tHe s apes; materrals,” “and structures
of the chanbetsgrand the shapes and so forth

According to the foregoing embodiments, as means for
controlling wave forms so as to offset or weaken a plurality
of the sound waves each octher, the distance between adjacent

15 openings formed in a chamber and the vibrations of the
vibrating mechanisms are controlled. However, the present
invention is not 1imited to that example. Alternatively, the
wave forms can be adjusted depending on the shapes, materials,
and structures of the chambers, and the shapes and so forth

20 of the openings. In addition, the phases of the sound waves
may be controlled. Moreover, the amplitudes 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 foregoing description, the number of copenings
formed in each chamber is not mentioned. Instead, many

openings may be formed.
Accoxding to the foregoing embodiments, as the

30 vibrating mechanism, a speaker is exemplified. Instead of

the speaker, for example, a vibrating mechanism using a
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20 of the openings. In addition, the phases of the sound waves may ‘be
control |l ed. 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 foregoing description, the nunber of openings forned
in each chanber is not nentioned. Instead, many openings may be forned.
According to the foregoi ng enbodi nents, as the 30 vibrating nmechanism a
speaker is exenplified. Instead of the speaker, for exanple, a vibrating
mechani sm using a 44 piezoelectric device may be used. In addition, the jet
fl ow generariirgoapparnteseyiaecorndbagiaas .t hénfagiddgdiong tlentedi et s do not
al ways need t .a v] brating nmechani I n a a jet flow may be
gener at ed byggﬂgg¥§%§?iérP%#agngSt%Fgggéﬁ%ié“%ﬁégﬁggrsagﬁégFig. 14 is a

gr aph show ngmwademéont sreoaiott hewsps needavesavgene!lated igmévivachanber s and

whose phases are shifted 180. . As shown in the graph, sipce wave forns
o and 53 os TBREFEULG 15 baenap Y asnent ot Pe s P E e BG = d R Lonken
each other. 1Hpwerercoss NEengvave forns 33 and 34 of harnonics of the wave

forms 31 and 32 have the sanme phase, they strengthen each other.
Vi brations having harnoni c conponents any integer tinmes higher than the

second har rmoni ¢ CO@‘E?UQ@HS Loy AL N APWELD MALEDNE Ehe & Hinkliihas moni c,
and so forth strengthen each” other. Thus, the noise of the apparatus is

i ncreased. | geaddatednp tas shmurernsmaikdd ghods phewen airfe ghistes! lof 1820 t he
sound waves aLe EQ{;HEQ é?%é %ﬁgpgacé‘j[ﬁ!%! Whvel BLrEXWP 8 5B €8 Slanbers,
al t hough the Vi Brat i ons o efirs asi c
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 32 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 harmeonic, and sco forth

strengthen 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 example,
three chambers, although the wvibrations of the first basic
waves 45, 46, and 47 and the second harmonics 35, 3¢, and 37
are offset, the vibrations of the third harmonics 38, 39, and
40 strengthen 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 offset, the
vibraticns of the n-th harmonic strengthen each cther. Thus,
it is impessible to combine wave forms of a plurality of
chambers so as to decrease the combined wave form of basic

30 waves and decrease the combined wave form of all harmonics.
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waves 45, 46, and 47 and the second harnonics 35, 36, and 37 are offset,
the vibrations of the third harnonics 38, 39, and 40 strengthen each
other. In other words, when the nunber 25 of chanbers is n, although the

vi brations having frequency conponents other than n-th harnonic are
offset, the vibrations of the n-th harnonic strengthen each other. Thus,

it is inpossible to conbine wave forns of a plurality of chanbers so as to
decrease the conbi ned wave form of basic 30 waves and decrease the conbi ned
wave form of all harnonics. 45 CGenerally, as the order nunber of a harnonic
beconmes |arger, tBRenanmplitude thereodebhecoies sfred hermofhasyecaesording to

the enbodinent, it i referred to, contrql the sou wav using three or
nor e chanber ?r?ﬁﬁ’é@ﬁgi gétS%eSQEef%?#gmﬁﬁwl nF@a?gEEUfﬁﬁgféntly snmal |

In reality, thtsrdth@ractrei&ibiiernthei €anspderedres dookbhvsol When t he
noi se |l evels of the first harnonic, second. harnmonic, and third harnonics
of one chanb&PUPEHAESHEIRE) IParE DOre fHamRRES 15 THIBATP LIRS &t i vel v,

nanely n 5 lg ther80hssnodievals efirEbe: shampemadis .arpdnk 2249, (dBAy - I'n
this case, when a target noise level is 20 (dBA), the target cannot be

satisfied. Ashgeaeiebbititbepe PedRArsigpresaf $o41ABFse |evel in which the
A conpensati on has been perfornmed. This 15 definition will be applied to
the follow ng description. Wth n = 2, first harnonics and third harnonics
are offset. Howev®hensewmondise frenedts sfremgtfierstehehmotnher .sechial noi se
| evel becomes _21 (dBA)_ %Qich IS tw.ce h%gper tq%g 2018 gdBQQ of. second
: armonic, ‘and rd qaﬁ?onlcs ne ch ?W](soun o rﬁ$

har noni cs. THGET the’ [9i%e"teVe 0es nho sati'sty e target. S,
accor di ngot oatbeenbpdarants odpAherpspsetively, namely n =1, the noise

level of the chamber is arocund 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

cffset. However, second harmonics strengthen each other.

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

20 18 {dRA) 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. Although third
25 harmonics strengthen each other, the sound waves of first
harmonics and second harmonics are offset. The noise level
becomes 19.8 (dBA), which is three times higher than 15 (dBA).
This noise level satisfies the target. In other words, when
three chambers are used, the phases of the sound waves

30 generated in the three chambers are shifted by 120° each. As

a result, the noise level can be more decreased than the target
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invention, the condition of n = 3 is applied. A though third 25 harnonics
strengt hen each ot her, the sound waves of first harnonics and second

har moni cs are offset. The noise |level beconmes 19.8 (dBA) , which is three
times higher than 15 (dBA) . This noise |level satisfies the target. In

ot her words, when three chanbers are used, the phases of the sound waves
30 generated in the three chanbers are shifted by 120 each. As a result,
the noise | evel can be nore decreased than the target 46 value. In the
exanpl e, although the target value of the noise level is 20 (dBA) , the

f oregoi ng nowvséuéevel 22.9 (dBA) , which 5 is a noise |level of a sound wave
generated in one.chanber, may be designated as a target value. As anther
met hod for preventing a sound wave from not containing harnonics, the
speaker (vibratinginechkaeksnpleanltBobgh dhevearyet Fadudrdfvehpowsrset hat i s
sufficiently_| owner, t the rated input thereof. neral |y, when the
speaker is dFF% ﬁswg?RdQAEfﬁég1§HW@P¥896§€*¥51?%%f33t%ddﬁéﬂuﬂﬂufﬁb ratio
of harmongcs igoataned 1ieRel her geNRIAIEdasOUfShdVaMRd REM 8RS BShamdexg. 16 is a
tabl e showing the ratio of anplitudes of harnonics 15 agai nst a basic wave
in the case MRA¥tPa dpeidieteds agr pvEATIFE W2liues rated input (0.5 (W) and 40
(%9 (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, harnonic conponents
are decreased. 20AAcTdrdimyetibod Herepbedémiing assoerd twaeeof forinodgf f ect  of

the sound “ﬂXSEBQfQi%fhggkghESQ .%%‘U§éa££§H9£££29in§%%88239£31<£9F
enbodi nent can be applie 0 & vibrat ng
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 takle shows that when the speaker is driven with
40 (%) (0.2 (W)) of the rated input, harmonic compcnents are
decreased.
20
According to the embodiment, since the offset effect
of the sound waves can be obtained against distortion
compornents, the embodiment can be applied to a wvibrating
mechanism that distorts. Thus, an inexpensive vibrating
25 mechanism can be used because the specifications therecf are
not restricted. In addition, depending on the distortion
ratio of the vibrating mechanism for use, the number of
chambers for which noise is decreased can be minimized. Thus,
the power consumption and space of the apparatus can be

30 decreased.
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mechani smthat distorts. Thus, an inexpensive vibrating 25 mechani sm can be
used because the specifications thereof are not restricted. In addition,
depending on the distortion ratio of the vibrating nmechanismfor use, the
nunber of chanbers for which noise is decreased can be m nim zed. Thus,

t he power consunption and space of the apparatus can be 30 decreased. 47
Fig. 17 and Fig. 18 are sectional views showing a jet flow generating
apparatus according to another enbodi nent of the present invention. Fig.
18 is a sectional view taken along line A- Aof Fig 17. Fig. 17 is a
sectional view takeng5 Hl and Fig\e 1B ar8 sﬁcﬁogall@ieﬂ'mahjoe’ttnglmvjegener ating
apparatus accordin this enb ot ed reference n ral

O The et " PO J5BREP R PR (R 4 ROF TS St POSBAST T BuelE hg To8. havi ng
chanber s 62ataadp5@bant'rmewcelﬂﬁﬁbﬁrs Bi2p amdis6absateiadpases: ehkéhe casing
68 and a wall _69 disposed thereln 10_I n the, chanbers 62a and 62b,

vibrating mehaRy sieSeBa ARE 658 LTar eFdf sgdstd 2 FEShERAVELGY SR ™Vi brat i ng

nmechani smg 638ongNd ne3-e26h rhgve d herSanR t SEIJICE IS ASi ddhSodd Al Ng
mechani sms such as the vibrating nechanismb5 and so forth shown in Fig. 2.

The casi ng 68Chasdhe LicethbBgrhadiBadt tihagend:gshby nafrggghetHengsddi de of
t he chanbers 62a b e I sGgha e
69+ 9 ﬁ%dgé% flow éé}ﬁegﬁé%gl yagé%{éatés gél qhagged,ELom i i

chanbers 62a an through™t a and 63b, respectively. The
vi brati ng nechanng s 6baisndEhibearsetih spdselb soThIaasthetntma,rs 6Pasadopeni ng

portions 66a _gnd 66b, respectiyvely, .for e, nal | The VI brating
mechani sm 6589 (fdmsp |e|;& %]C]f’ %ﬁ%nb%garn%iwag dl FES Y dgt%l 5°

di scharged f uﬁmﬁdﬁehaﬂzaiﬁ 6263hd 'EBB, wiiprati Ag mmlmrjlsmm %aandtﬂsai es air
in the chanber , ) _ _ ,

are 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 has nozzles 63a and 63b that

15 pass through the inside of the chambers 62a and 6Z2b,
respectively. Alr is discharged from the chambers 62a and
62b through the nozzles 63a and 63b, respectively. The
vibrating mechanisms 65a and &5k are disposed sco that they
close opening portions 66a and 66b, respectively, formed in

20 the wall 69. The vibrating mechanism 65b vibrates air in the
chamber 62a. As a result, air is discharged from the nozzle
63a. The vibrating mechanism 65a vibrates aixr in the chamber
62b. As a result, air is discharged from the nozzle 63b. The
vibrating mechanisms ¢65a and 65b are connected to a control

25 unit (not shown) that is the same as the control unit 10 shown
in Fig. 2. The control unit controls the vibrating mechanisms
65a and 65b so that the phases of the vibrations of the
vibrating mechanisms 65a and 65b are inverted and the
amplitudes of the vibrations therecf are the same.

30

The vibrating mechanisms 65a and 65b are disposed so
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62b. As a result, air is discharged fromthe nozzle 63b. The wvibrating
mechani sns 65a and 65b are connected to a control 25 unit (not shown) that
is the sane as the control unit 10 shown in Fig. 2. The control unit
controls the vibrating nechanisnms 65a and 65b so that the phases of the

vi brations of the vibrating nmechani sns 65a and 65b are inverted and the
anplitudes of the vibrations thereof are the sane. 30 The vi brating
mechani snms 65a and 65b are di sposed so 48 that their vibration directions R
are the sane and their orientations are opposite. Thus, even if the

vi brating msbbantkeasr 66ratdodSBiacetvomy & iang mbehaningn@ndrthaipr ati on

pl ates that are a trical like.speakers, they can secure b5.gveral
symetry. Thﬁgfeflﬁégﬁa ?aatﬁené)pﬁé’(sf g%l‘ S%H&%aegﬁé %gbtheal"ilé)v]\:/agﬁggmve forns
of the soundmeauesigeneénratedd Bgbtdre: vibzrat sy Gdahandshsbrt ol hecom t he sane

as much as possible.. As aresult, th ui et ness of the apparatus can be

i mpr oved. 1pP§xﬁ&ﬁsth é{fefwwrfbe_éﬁéﬁaﬁi ﬂJ}%&a&f i8S A on Y. 12 s
oper at ed, 5si BgerpNasEmmat rPar MeRisG Scras v th 84 O ld ABCh &OTRNEHE SndessAt e,

there is a possibility in which the offset effect of sounds waves

generated i n2¢RaNDERS Wi ARFTR2BT HRE FPWIAMETCS1ITRBTRMRA DX a
vi brating mechani sm4NPLShe¥)ed BecSUETEIL iscal Wt JiPSREGE S 013 Pl ane

perpendicular to the vibration direction R even if one vibrating
mechani sm i s Agsedesulie tiod geicanepe afetheagwdraitnst ¢ars beasmproved.s
preferred 20 that the material, size, shape, volune, and size or shape of
openi ng portions (nozzles) of one chanber formed on the front

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 inwhich the offset
effect of sounds waves generated in chambers 22a and 22b
deteriorates.
15
However, 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. In this case, it is preferred
20 that the material, size, shape, volume, and size or shape of
opening portions (nczzles) of one chamber formed on the front
side of the vibration plate should 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
26 reality, as a vibrating mechanism symmetrical with respect
to a plane perpendicular to the wvibration direction R, a
structure in which a first coil and a second coil are disposed
on a first plane (for example, the front surface) of a proper
flat member and a second plane {for example, the rear surface)
30 thereof almost inparallel with the first plane, respectively,

can be used. As the first coil and the second ceoil, for
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side of the vibration plate should be the sane as those of the other
chanber forned on the rear side thereof. Thus, the sound waves generated
in these chanbers are inverted. In 25 reality, as a vibrating nechanism
symmetrical with respect to a plane perpendicular to the vibration
direction R, a structure in which a first coil and a second coil are

di sposed on a first plane (for exanple, the front surface) of a proper
flat menber and a second plane (for exanple, the rear surface) 30 thereof
alnost in parallel with the first plane, respectively, can be used. As the
first coil aﬂdamhéeS@d@ndrc;mﬂls ¢y véUsmdanphe thel Ay meohé s, a&mﬂte used.
As the flat rrenber PB resmbn or arubberdme erddcnbe ujie n
addition, a Fepat © rragne Shd"a"sectn magneet are c?sﬁoslé) JhrStTirst

pl ane and t hagaeeostd pl &@eoﬁﬂ m&gm&t tafie Hikpbsedidn and Fhessagiond 5 coil
are di sposed, respectively. Wen a drive voltage i applied to the coils,

the vibrati n(j‘ Re Perse&é’i’fdv?%‘?‘%? &1 vhech\fhs gtllrgé %%?%@Pdcﬁﬁeb%e%%osed

for exanpbe, cat1t Bee C@MNMRIsef rkBgecharbey, shawn hnaHe HAtakd addition,
the first magnet and the second magnet can be di sposed at the trough

portion 10 aR@Ptheddd FhaFyideri Be ofbrREipagigpez2caNRibrasei vellip t he
pl anar coil s qpy,be,disngsed. a0,ane Qlodde EbE Sk %ﬁ@e A0 peS pl ane of

the flat nmenber. Fig: 19 is a schenmatlc diagram show ng a et ow 15
generating apﬁaﬂ@t@tsarmnm&mvnglnﬁlanoltmer Iemoddicient thk filns tpragett

i nvention. In Ei nbers funC|os Aan forth simlar. to those
shown in Flg fighd SI‘—EFCO m?/\?ﬁt 5&™ rlejﬁ &%scrl 1}aedtorouf’lh ratdlescrlptlon

will be amt ted. tt@c&helm@pofctomn @efntetteat:aﬁgn@aaar aﬁusexamﬂméll@g dh@e t hi s
enbodi ment is denot ed, bg/ r ef erence nuneral 71. Thehé et, flo

planar coils may be disposed on one of first plane and

second plane of the flat member.

Fig. 12 is a schematic diagram showing a jet flow
16 generating apparatus according tco another embodiment of the
present invention. In Fig. 19, members, functions, and so
forth similar to those shown in Fig. 1 and Fig. 2 will be

briefly described or their description will be cmitted.

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
contrel unit 75 has drive signal sources 76, 77, and 78 that

30 output drive signals having different frequencies to the

vibrating mechanism 6. The drive signal sources 72 and 76
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generating apparatus 71 has a vibration control unit 70. The vibration
control unit 70 controls a vibrating nechanism5. The vibration control
unit 70 has drive signal sources 72, 25 73, and 74 that output drive
signals having different frequencies to the vibrating nmechanism5. The jet
flow also has a vibration control unit 75. The vibration control wunit 75
controls a vibrating nmechanism6. The vibration control unit 75 has drive
signal sources 76, 77, and 78 that 30 output drive signals having different
frequencies to the vibrating nmechanism 6. The drive signal sources 72 and
76 50 gener agensrghal sidralisngavhegsbne $uss dafsieqdengyendhe drive signal
sources 73 and 74 generate drive signals so that harnonic conponents of
the vibrating 5 mechanism5 do not vibrate. The drive signals cause the

vi brati ng mechani SmieSﬂﬁhv@$ﬂdiﬁlvisbhabéﬂg7m{’tﬁm4sI@eﬁeaﬂﬁe gpiforth to

gener ate harnpni cs whos es are inversed and  whose anplitudes and
frequenci es §F8n?§% rﬁiA%L%ﬁngEé? EABPORT R © g GREI VERTATHY 77 and 78

generate griwgchhfNsh S5 S hat viBrhas mnine eerpensendsa1d daeevicheati ng
mechani sm 6 do not vibrate. In this structure, since the phase differences

and anpl i t udeBTeEinkaashgRdPEs gBel A dhBy ViPERt KAMECEaNEHR Urdnfe 15
signal sources 72-aNd. 758 GO0 £RLd £d C,ﬁesé %ta,seg%r@mv@kged dde signals

have the sane anplitude and phases shifted by 180) , the vibrations of the
base frequen@yowe@m@ﬁléadﬁs@wmkﬁreqﬁﬂaCLQSHveeSh@ﬁamesodnd@ylgachﬂus t he

drive signal YLCSS 7 generate riye_sian o th
vi brating rrec anl ST nfg %Olgrc T 6 doanrcljo?lé eg‘ %eh&zfg‘ n‘%n?%g%aolrrsp%%etrﬁgec
ot her wonds, hathensounshpumess sobfbase cvilsemgienc ywechaposens siaveaien each

vibrate.

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

15 signal sources 72 and 7¢ 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 signal scurces such as the drive signal sources 73 and

77 generate drive signals so that the vibrating mechanisms

20 5 and 6 do net vibrate harmonic components. In other words,
the sound waves of basic frequency compeonents weaken each
other. In addition, since the harmonic 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 contrel unit 70 connected to
cne 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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other. In addition, since the harnonic conponents are not generated, the
noi se of the apparatus can be decreased. 25 In addition, the structure
shown in Fig. 19 and the structure shown in Fig. 12 can be conbined. In
other words, a jet flow generating apparatus having one vibration plate,
two chanbers, and the vibration control unit 70 connected to one vibration
plate shown in Fig. 19 allows the sound waves 30 of basic frequency
conponents to weaken each other and harnonic conponents not to be
generated. Thus, the noise of 51 the apparatus can be decreased. Fig. 20
shows an exampkeappawdtiwh cansibgndecogasde. vi bration control unit 70 is

adj usted so as to decrease 5 distortion conponents as harnoni ¢ conponents
in the case that the basic frequency is 100 (Hz) . In the exanple, signals
of 200 (Hz) and 36@g(Hz) sHEvsSupekxappsediniwhich @ ghighadf oA ti&si

frequency of 100 (Hz). As a . result, a, second harnonic (20 Hz and a
third har noni"&bf%gbo‘% FEIIEre VB Er 88 shu. 2APS5SG s?langﬁ 8%?1%?&%4 c di agram
showi ng as] eH_iEl:Q.Wcj.&@G@ﬁ%&ﬁ%@@@%ﬁ%i@%&iﬁn@&tbQuaﬂ@é kekearmadi nent of
the present invention. The jet flow eneratln% apparatus according to

this enmbodi mERE RasifeABeaacnyy Aef P @nice ) nunh &De1S* B IThELpRRLF IBw
generating apparaiisa i 3085 HehaMeESpet oo iy idia 4 e £hashers 1la and

12a, mcrophones 82 and 83 that detect the states (anplitudes, phases, and
so forth) of freheesoyimd WaVesHigenehat @d-dpp v, be at¢enndrbenannsas( B land 6 are

o Sposed LeTHEY MRk Ye SN ST, SO Bl ol s 0
vi brationg of the vibrating nechani sns
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
15 81l. The jet flow generating apparatus 81 has chambers lla
and l2a. In the chambers 1la 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 signalstoavibrationcontrelunit 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 to the embodiment, even if vibration
characteristics vary because of the aged tolerance of the
vibrating mechanisms 5 or 6, the noise of the apparatus can
be decreased. Since the microphones 82 and 83 are disposed
in the chambers 1la and 12a, respectively, the microphones

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

without interference of the sound waves of the other chambers.
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5 and 6 so that the sound waves generated thereby weaken each other. 25
According to the enbodi nent, even if vibration characteristics vary
because of the aged tol erance of the vibrating nmechanisnms 5 or 6, the

noi se of the apparatus can be decreased. Since the m crophones 82 and 83
are disposed in the chanbers |Ila and 12a, respectively, the m crophones 30
82 and 83 can detect the sound waves of the respective chanbers w thout
interference of the sound waves of the other chanbers. 52 Thus, the

vi brations of the vibrating nechanisnms 5 and 6 can be accurately

control | ed. Thesj ethed volrgeheraitnghappbratusesnebha2ismgls add 6 Zen 5 and
81 accordi ng, to the _foregoin erlw‘eggi ments are used to discharge air to a

e _accuratel ontr . . .
heat generatl ng ne er n(f COO|O | HOV\BVGI’, t he present I nvention I's not

limted to do that. For exanple, the jet flow generating apparatuses 1,
21, 41, 61, 71, and 81 can be used for neans for supglying a_fuel of a 10
fuel cell. In real FE§,ISHELRY ICELBEIRA BRAGEFIEEF ) Fht akle °bpelling of the

fuel cellsisadiasposgesitriatcof RBOXYBEF Y @ odoReNLtHJataCas A thozzl e
(openi ng portion) of a chanmber of the jet flow generating apparatus

accor di ng t odéaehaBge the HPreforhgIentiri ishtemorR eRAsC@ek Udt-ure, the j et
air 15 di schapged. {1 QuLthie Jook {4 Aaener ahbpd :3RRaRAIHS, kfiaflcked as an
oxygen fuel fromthe 1 nt'ake openi ng. Thus, ile the overaFI apparatus is
nore thinly skeupterdhea hah fher geserahang aprageltussssupplli,edlwidlh an axi al
flow fan, the.sane,ppwer eneration efficiency as .the case that.the axial
Flow tan i s 30 GRad k TemB0Rtat it Fieh®' 5% 2 bl 8 S thom ng a
jet flowl0 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

15 discharged from the jet flow generating apparatus is sucked
as an oxygen fuel from the intake opening. Thus, while the
overall apparatus is more thinly structured than the case that
a fuel is supplied with an axial fiow 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 teo this
embodiment is denocted by reference numeral 91. The jet fiow
generating apparatus 91 has two jet flow generating
apparatuses shown in Fig. 12. These jet flow generating

30 apparatuses are dencted by reference numerals 121 and 221.

The jet flow generating apparatuses 121 and 221 are
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generati ng apparatus according to another enbodi nent of the present
invention. 25 The jet flow generating apparatus according to this

enbodi ment is denoted by reference nunmeral 91. The jet flow generating
apparatus 91 has two jet flow generating apparatuses shown in Fig. 12.
These jet flow generating 30 apparatuses are denoted by reference nunerals
121 and 221. The jet flow generating apparatuses 121 and 221 are 53
substantially the same. Controlling portions 120 and 220 control vibration
pl ates 127 and 227 so that their vibrations have al nost the sane

anpl i t ude, thebsaﬁetiabhméﬂeysamnd anhmmﬂédnphagesion31kﬂﬂu@mdméﬁas whi | e
the vibration at 5 12 of t.h C i n1125 noyves, in the

di rection inCOﬁ% e ?ﬁne 1ﬁrgssure O$$2WE% n@ st |nc$%%§g? (in the
| ower directhaneshmmwstrtndusameammpg)tudéuauhdmsameomrphaémcy22ﬁubf t he

vi brating nechani sm 2 nmoves_in the dir n.in h the i ner pressure
of & chanber L3335CTRaTRASEs (T AHETIOPbe PO Fots GHBEAGAA™

drawi ng) . 51 n1addit ic@B, viid 8 ng REcNADT i 108 @ﬁ@ﬁﬁ%é@!@éctmoﬁ h_el
direction in which the inner pressure of a chanber 122a increases (in the

upper di r ecFPoARSHEWARRAT @ SF&RI R )2 CheReX ilBrht Iorr g sase (PRt hfoves  of
the V'brat'n@oﬁ@E*@HEéﬁEf%%5sthﬁhﬁnqﬂ{ egLbQng N, WHLR1bhe: 10, 1 5NAf. pressure
of a chanber 222a decreases (in the Tower direction shown in the draw ng).
The speaker 2¢pec¥itheatipriechanfsasl yueh Sasovdre invilpy ditiragtaeeHani sm 125

and so forth ica r h V|brat| n rectlon of
t he V|brat|ong%?ate gnské %ugﬁggkglon ?ﬁ%ﬁé%??22%d? Ciﬁﬁ g &lyoke
portion aPe upper direction shown in the drawing). In addltlon, 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 of a chamber 222a decreases (in the lower

direction shown in the drawing).

The speaker type vibrating mechanisms such as the
vibrating mechanism 125 and so forth are asymmetrical with
20 respect to the vibration direction of the vibration plate 127,
In addition, the voice coil portion and yoke porticn 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
26 pressure difference of the chamber 122a. Wave forms of the
sound pressures generated by the openings 122¢, 122d, 222c¢,
and 222d are denoted by reference numerals 83a, 83b, 93a, and
83b, respectively. The amplitudes of these sound waves have
the relation of wave form 83b > wave form B3a and wave form
3¢ 93b > wave form 93a. When the wave forms 83a and 83b are

combined, a combined wave form 84 {first combined wave form)

54



asymmetrical wth respect to the vibration direction. The pressure

di fference of the chanber 122b owning to the vibration of the vibration
plate 127 is larger than the 25 pressure difference of the chanber 122a.
Wave forns of the sound pressures generated by the openings 122c, 122d,
222c, and 222d are denoted by reference nunerals 83a, 83b, 93a, and 93b,
respectively. The anplitudes of these sound waves have the relation of
wave form 83b > wave form 83a and wave form 30 93b > wave form 93a. Wen
the wave forns 83a and 83b are conbined, a conbined wave form 84 (first
conbi ned wave‘smemﬁ)rﬂzbd .S gialmiaﬂeadwhEhktéw weve vilvemst Béa venre 9Bbraree 93a and

93b are conbl conbl ned Jaye form seco d nbi ned & forrr) IS
generated. Si rci"ce Pﬁe Eont unl e f§6mand c%ﬁ mgfne?he \\//va% |ons in

i nver sed phaﬁ_eSgeﬁélﬁaffdad.St Sﬁ:ﬁﬁblﬂw oml\teo?n ﬁﬂim 8k Caaehdt heosmwmbjcorrbi ned
wave form 94ﬁ§eaken each ot her. IIy, a flat ve for 90 i S _gener at ed.
The first cofBEnEIPTRVET M Sﬂvﬁ\ié% seﬁ rt Hee FEmeoed & 22b and

the second ceaRhEOan@¥ie f@cBnd4makenthvelfodm ol hrakbaRhSodada and 222b
are conbi ned and weakened. Thus, the noise of the apparatus can be further

decreased. FFgnaddyand Fial "BaeshowtadP el $ensadsdexperi ment about t he
enbodi nent. Fig. 23 shows a wave form of a sound pressure 15 in the case
that only the jet flow generating apparatus 121 of the jet flow generating
apparatus 91 is us&tednd sthemktimed wvievEofm éém@ﬁ@ynbg ime(d:—lza)mbdns ot her

words, Fig. 23,30 1 eafirsle ganblned waved oL Avd $aCheqeddPm Fig
23, since thevi ratln mechams 3 IS asy mre rrca the sound wave
i s not per)fedhlghébh&mb&sg222dashmuélﬁe f:bmsine@ﬁbdrvmhM\@d f arims84, the

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

18 in the case that only the jet flow generating apparatus 121
of the jet flow generating apparatus 91 is used and that the
drive frequency is 200 (Hz). In other words, Fig. 23 shows

the first combined wave form. 2As is clear from Fig. 23, since

the vibrating mechanism 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
50 generated by the jet flow generating apparatuses 121 and
25 221. The drive frequencies of these signals are 200 (Hz) and
the phase difference is 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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second conbi ned wave form 94, and the final conbined wave form 90
generated by the jet flow generating apparatuses 121 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 the final conbined wave formis around 1/2 of that of each
conbi ned wave form In Fig. 23 and Fig. 24, since the levels 30 and
rel ati ve phases of sound pressures generated by the jet flow generating
apparatuses 121 and 222 are considered, the 55 present invention is not
limted to tkageanit igivenliaogrisphoandimidgeal vo vhleuvesi s kdvwhe grBEpy.arg3 and
Fig. 24. Fig._.25 sho a noi se.spectrum of experinment. As 5 shown in
t he graph, ifcﬁgec garc ﬁ%Fmﬁbﬁge%%g'dg%r%%%gggbyaﬂéround 20 (dB) at
frequencies 200 (Hz) and 600 (Hz). According to the enbodi nent, when the
di stance between two o gn%n%s t hat, are the nost spaced apart satisfies the
10 f oregoi ng forrruIFég(Z%) SPOFEr Inilod SE4FPE T HEte st SFEFEIBR Fn  Afhi ch t he
first conbi nedowaven fetdngaagdht her seeNdacorhbbathiwave heepesésengt hen each
other. In other words, the distance between the openin& 122c of the

e

chanber 122a2&RENEhE0 offthi B fZeadepriehe? thalfifer 22d2B0Reld®) t 0 satisfy the
foregoing 15 formula (2) or formula (4). Although the structure of the jet
fl ow generating apparatus 121 is the sanme as the structure of the jet flow
gener ati ng appar at dscepding fei thes erped imerst nulyeh ahdi d fsseare. b2OeMen t he

and so 1 ort hkeesets P RO SRR REonPra ke phRTr BERITRR B Torm
weakens. 1The fpetgb iy fpemaiat ( g capparmiles (9], adoaredi Aghd @otrhéon in
which the first combined wave form and the second combined
wave form strengthen each cther. Inother 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
apparatus 121 is the same as the structure of the jet flow
generating apparatus 221, their structures may be different.

20 When the structures of the two apparatuses are different, the
phases, amplitudes, and so forth need o be controlled so that

the final combined wave form weakens.

The jet flow generating apparatus 21 according to the
25 embodiment has two casings {121 and 221). Alternatively, the
jet flow generating apparatus 91 may have three or more

casings.
The foregoing description dees not mention the number

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

and so forth. However, many openings may be formed.
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25 enbodi nent has two casings (121 and 221) . Alternatively, the jet flow
generating apparatus 91 may have three or nore casings. The foregoing
description does not nention the nunber 30 of openings fornmed in the
chanbers such as the chanber 122a and so forth. However, nany openi ngs may
be fornmed. 56 In the foregoing description, the phase difference is 170.
However, the present invention is not limted to the value. The phase

di fference can be a value with which the 5 noise |evels of the conbined
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 decreaseIt nQi.se, 10 I.n addition t thg 4et.f|om/§enerating
ore%ftuﬁn descrap ion, t ee? ? e gifference is

apparatuses 121 and , an et ‘sound”wave’ gener ating neans, "Tor exanple,

a speaker (naetoshowdyeveny e @irspesedn it ohhes Sesnd impeegsts ernd phase

of the sound ve generating nmeans are adjusted, .the nojse | evel can be
decr eased. F3\F!‘\?‘é§anﬁplh§, p&ﬂ@% ‘1%‘? rse&fﬁdcﬁﬁv%et%éfalﬁ’ﬁswéﬁki‘?‘ﬁ’fe‘? éd*®phase of

the final 5conbisedeve@y @ f Hd&MOMEd Raté Gorrd detre8Bel alred dnarihe Speaker
unit, the noise |evel of the conbi ned wave can be further decreased. In

the foregoi ngreRsEr? pt136R, At hEeTetatdfolhpl 8P “AYSsudh a8 ehdAbrati on
plate 127 ang,§6 fQLl &%{ 1 \a%gc\ﬁ‘eghtééﬁ%%%%g?oe/ﬂ Eq%ﬁ_ﬂ%ﬁ&le%{eéé’ ast he
e~ Vi ate and s6 for

vi bration plates such as e ratron p h™ may be
driven with $pgAatseasd thiei cleishe sound waves generated by the vibration
pl ates such as the vibration plate 127 and so forth do not contain 25

har noni ¢ conponents. In this case, since there are no harnonic conponents
in the séind wavesIgeneriatied ty thhejgteflow 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 noise 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 generated 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 vibration plate 127 and so forth are driven with
sine waves. Alternatively, the vibration plates such as the
vibration plate 127 and so forth may be driven with signals
of which the sound waves generated by the vibration plates
such as the vibration plate 127 and so forth do not contain

25 harmonic components. In this case, since there are no
harmonic components in the sound waves generated by the jet
flow generating apparatuses 121 and 221, the noise decreasing
effect is further improved. 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

57



fl ow generating apparatuses 121 and 221, the noi se decreasing effect is
further inproved. That neans that the peak in the noise |level at 400 (Hz)
shown in Fig. 25 disappears. 30 Fig. 26 is a sectional view showi ng a jet

fl ow 57 generating apparatus according to anot her enbodi ment 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

vi bration pl gepetdbing agpspesed audosiddegt be spathry dhdifentodt k8% of the

actuator 178 is cognfcte tot vibra%ﬁog §Iate 145. The %%%uator 178
1

noves the vi BFStTon p'%ﬁQa¥fE5. e 0 o n%ﬁ%%%ﬁ?t%ﬁ%ﬁﬁfh a t hrough-hol e

172e formed bBcbh@ingasi figh sl éAbodhgee idad@iotetBbhias fR reake hibrad magnet
183, a coil (184, and,so forth. A control unit 170 applies for __exanple, an

AC vol tage t6%he T Fet AL oY JRRGAFEINEMRPRAATUS A0S 885t hE2PLRITEH t 0 nove

in the upper rapdci OWey 1012r gk Osnder SNevR hRd theHawWRE: ofkodsgaWent |y,
t he V|brat|onlglate 145 vibrates. Wen the vibration plate 145 vibrates,
nozzl es 173 VaREatyan Rlhagendtsly Aeratardox féf Fhraw vihrated then, the

nozzles 173 gngd thflorgg:}:li%rt%t g 45hes S&%Hbsgﬁvgu@'glﬁﬁgtﬂ@‘é%r Led (ppasgs. The
sound waves meaﬁen each other. 20 According to the enbodi néent, since the
act uat or 178roidl 8 shobedctunspdd Bhies casnegted 2o theer Volanies mwifattehe

chanber s 1723 ,and 72 can.be pldost dheysane, Lf; Lhe agtuater (178 vere
di sposed |nS|ée t he"casing 172, "héat’ 5t Pﬁe act bator

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 coll 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 to move in the upper and lower directions

15 shown in the drawing. Consegquently, 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

25 178 would remain in the chamber 172a or 172b. If the vibration
plate 145 were vibrated in this state, a heated air stream
would be discharged. As aresult, the heat radiation capacity
would deteriorate. However, according to the embodiment,
the disadvantage can be solved.

30

Fig. 27 is a sectional view showing a jet flow
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25 178 would remain in the chanber 172a or 172b. If the vibration plate
145 were vibrated in this state, a heated air stream would be di scharged.
As a result, the heat radiation capacity would deteriorate. However,
according to the enbodi nent, the disadvantage can be solved. 30 Fig. 27 is
a sectional view showng a jet flow 58 generating apparatus according to a
nodi fi cation of the enbodinent showmn in Fig. 26. In Fig. 27 to Fig. 29,
menbers, functions, and so forth simlar to those showmn in Fig. 26 will
be briefly described or their description will be omtted. 5 The jet flow
gener ati ng apparatbsnacumradiatgst ecthigingo fa owdiidacasidenot ety
reference nunetal,.111. The jet _.fl generatin r at 111 .has an
Zbsor pt | on mombeRigEst SHalE ShEsrndt Bera o Brat o Jor WP 85, The
absor pti on lGuarenberns1@2diso conposadiohy Hfoothexarpben ia bed | adsyitanber .

Al ternatively, the sorptiQ nber 192 may be conposed of flexjble resin
or rubber. T%@ BhSotpYi Cﬁéﬁﬁ roﬁdﬁmﬂéhde§§ﬁb?%§§lfﬁéﬁlQFeQQﬁtFﬁ rati on of

the rod 185 against the vibration of the vibration plate 145. As a result,
the 15 vibration plate 145 can be stably vibrated. If the rod 185
lateral |y vibratedThg ¢®FITh®y JREGratépat aRR2 R Yk ECE82daRd TeFHcrth. As a

resul t, a rubbung; seHh Waulyd,9B8 3 &re ftent@NhiASEa1 AGGOT G4AY {4 the
nodi fication, such a rubbing sound ‘does not generate. If a |ateral

vi brati on takésvwperesating 20pardras il dksaaotderonpident herbés IAX f er ent
Eom L 2ok St o NOUF 50851 CoERSPhE o SlEBubbrpf o0

10 member 192 is composed of, for example, a bellows member.
Alternatively, the absorption member 182 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

15 wvibration 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, according to the modification, such a rubbing sound
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 resuli, harmonics
generate. Since the harmonics have to be suppressed as
described above, it is meaningful to prevent the rod 175 from
laterally wvibrating.

25

In addition, according to the embodiment, the

abscrption 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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descri bed above, it is neaningful to prevent the rod 175 from laterally
vibrating. 25 In addition, according to the enbodi nent, the absorption
menber 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,
t he absorption nenber 30 192 can prevent air from | eaking fromthe casing
172 through the through-hole 172e. In other words, the absorption nenber
59 192 also functions as a seal nenber. Thus, coolant can be effectively
di scharged fromthe chanbers 172a and 172b. Instead of the solid sea

menber 192, a9%¢i stsasturiatiidnsbaseal seanembelat Bew,s cobhéanhroughpehol e 172e

may be disposed. Fig..28.is.a sectignal view show n jet . f generati ng
appar at us ac8%%8?%@9?%F€ﬁﬁﬁﬁﬂﬁrgﬁ§dFFP%a.?%Ngﬁﬁmq & qg%%o |%E#?%%homm in
Fig. 26. The jet flow generating 10 apparatus according to this

nodi fication is denoted by reference nuneral 121. The jet flo eperating
apparatus 121 has1RSE8FiRf 179 5G4 feal GHREL#32  Fe rlisﬁﬁgsl%fﬁ%‘:gnd 105b

for a rods108can andimdi e6ht $B81badd NEfositthaae 1R REJHNgisgdhay.and so
forth are conposed of, for exanple, linear ball 15 bearings, fluid

bearings, or the like. The rod 185 passes through a vibration plate 145.

In addition, the red.185; passes ddrqugh hoouahshal e 1728 formed in a
chanber 172b side ogpos?te to a thfbughYﬁ%%e 172erTh§ebear?ngs 105a and

105b are di sgesedathng hepuretns egpcofdime tomnoggkrhmidds itdRéoR@fane 172f

respectively.e Thi.s st{L%ture.usin% b9%h %%% .ggar%ngs 105a .and 105b can
" fha¥ gy

nore suppr essm%)ﬁglﬁn?ﬁler a OWVEIL bll’natFil of the ro %Ihe %telngt ructure

usi ng onliy thepheatiusgad®sading to this modification is denoted by
reference numeral 121. The jet flow generating apparatus 121
has a casing 172. On the casing 172, bearings 105%a 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
15 bearings, fluid bearings, or the li.ke. The rod 185 passes
through a vibraticn plate 145. In addition, the rod 185
passes through a through-hole 172f formed in a chamber 172Zb
side opposite to & through-hole 172e. The bearings 105a and
105b are disposed in the vicinity of the through-holes 172e
20 and 172f, respectively.:  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 bearing 105a.
As a result, the rod 185 can be stably moved. Thus, the
vibration plate 145 canbe effectively vibrated. In addition,
25 since the rod 185 extends from one side to the cother side of
the casing 172, the volumes, shapes, or the like of the
chambers 172a 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 liquid. In this case,
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As a result, the rod 185 can be stably noved. Thus, the vibration plate
145 can be effectively vibrated. In addition, 25 since the rod 185 extends
fromone side to the other side of the casing 172, the volunes, shapes, or
the Iike of the chanbers 172a and 172b can becone the sane. Thus, the

noi se 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 against a
gap between the rod 185 and the bearing 105a or bearing 105b. Fig. 29 is a
sectional vi éhestrdinggl & Fet biel oir -5 igivdyad ¢ aig cappairet tus gapcozdiasy t 0

anot her nodi f.ication th enbaodi nment own in _Fi.g. The jet flow
generati ng EESaFg U%Q%é%%f&ﬁﬁgg 5 the H%&?f?bgfﬁgﬁg?sgggﬁbted by

reference nuneral 131. The jet flow generating apparatus 131 has chanbers
172a and 172b. In the cgﬁnbers 172a and 172b, 10 bearings 106a and 106b for
a rod 185 are nounf&d: 1Tk & (FELPRRLT YOSV AT Agl&ppatafus 121 shown

in Fig. 28, tBBek&tind hppaoenes abbhsd ARPALAYShi3hadeescRet oRAYE IR
t hrough-hole 172f at the |lower portion of the casing. The jet flow

generating apPaPatu’N A I wEn IRavegt heb safBeoperafion waRErPSianfect as the
jet flow gengpgling, &PRAUAMMSG12L. hD Kbk r126 aRd Eggﬁe%té(ﬁe&{g- 29, a

seal nenber nay be disposed i'n the through-holes such as t hr ough- hol e
172e and sorgferénoed numerzdsilid . 172et heoufhowhdetenate ngodpt8bapasses. 20

Thus, since ﬁ?‘i‘ Fallanid 'stJFﬂﬂa't Q%%ﬁﬂ%.”&% 78 chdmbdrs ?9%8%%%’172%90' ant _can
be effectively discharged.” FiI'g. I'STa& sectional view show ng da et flow
gener at i g apparatgs 1@Geosrtd NQ 6bof anatiet 16fhndi neatted. t Delike 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

generating apparatus 131 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 jet flow
generating apparatus according to another embodiment of the
25 present invention. The jet flow generating apparatus
according to this embodiment is denoted by reference numeral
201. The jet flow generating apparatus 201 has an upper
casing 202A and a lower casing 202B. The upper casing 2023
forms the contours of chambers 204a and 204b. The lower
30 casing Z202B forms the contours of chambers 206a and 206b. The

casing 202A and the casing 202B have almost the same shape,

61



25 present invention. The jet flow generating apparatus according to this
enbodi nent is denoted by reference nuneral 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 | ower 30
casing 202B forns the contours of chanmbers 206a and 206b. The casing 202A
and the casing 202B have al nost the sane shape, 61 size, and so forth.
Nozzl es 207A, 208A, 207B, and 208B protrude fromthe chanbers 204a, 204b,

206a, and 206b, respectivel ){1 in the casings 202A and 202B. Speaker type
vi brati on geféfgti A dev 20580z 2 (9B ar 808P s pdS &Y iamds 2088 upper

casing 2027 andclige | PG GRSIAINB02E. 26 AP ChY6a, AndG gl 01 203 L hat

is adriving unit for both the ration ‘generating devices 205A and 205B
i s di sposed bespeehivdey ugperthecasshgg? 0200 arthd BO2Bowsipedsitngy262B. The

actuator 203_i. ose f.a net 2 a_yo 03h, ,a coil . 203c, and
so 10 forth. vkgggﬁggglgseﬁ%rt%tifgn?%éjtcecso%ﬁr%%l gn%{h&}%ﬁ’r& fi%ﬁ%c’%ﬁ'd the
vi br at i onsgenéraitppey ceaiinees0 2054Ad ahd 12068 dssie) PCIE, eabpyceoraigct ed to

the coil 203¢. The vibration generating devi ¢ce 205A has a frame 213A 15
and a vi brat %‘Bna‘bti“%ﬁté’rzggi\qﬁﬁﬁgn{%d‘ FEfEth YR hE FrfhP e dd§e” IR 15A. A

frame 213A i gehbthednd Beditds 0UgR-=hal 25202/ sphboeaBdtaben theWgipdior tion of
t he upper casing 202A. An air hole portion 21§Aa is formed in the frame

213A. The ed§@Sif@ntfe® 2RGA RS TISEXFBHPIRY 2 0B -l BT iacitptorneledge nenber
20 215A is ”Egﬁ?ggedfd:f EXEGRLE 208S1 ] Poxd UhRE! . o Apar tzlo%wg%cﬁz\%;?ger 212A

is disposed in the upper casing 202A partition nmenber rms the
chanber s 190440ah. 2@4igonArohotwi 2 Z2Aa thetf opmierh lat thkevébnaeiond dfhe
partition msqurvibration 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 2022a
formed at a lower portion of the upper casing 202A. An air
hole portion 213RAa is formed in the frame 213A. The edge
member 215A 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. 2
hole 212Aa is formed at the center of the partition member
212A. The frame 213A of the vibration generating device 2054
25 1is mounted on the partition member 212A through a vibration
absorption member 214A so that the frame 213A covers the hole
212Aa. |

The lower vibration generating device 205B has almost

30 the same structure as the upper vibration generating device

205A. They differ in that the coil 203c is mounted on a
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212A. The frame 213A of the vibration generating device 205A 25 is nounted
on the partition nenber 212A through a vibration absorption nenber 214A so
that the frame 213A covers the hole 212Aa. The |ower vibration generating
devi ce 205B has alnobst 30 the sanme 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

vi bration generating device 205B is di sposed above the hole 212Ba of the
partition nmenber 212B so that the vibration generating device 205B covers
the hol e 212Babration ¢da2@92 pbssedikhriugvikrahiougenesksino3tryicte t he

yoke 203b. | dit.ion.. the rod 209 pass th . r - hol es 202Aa
tod 2008a. TREFod o i Eih Befor PART BRe P BEE 10 %ekts  HEE &% e
vi bration pl ahe B&18. 248 0 takr yatuf € @ausedarh@ 1PRosyi tiat itde pl ate 211A

and 211B to iptegrally vibrate. The up casin 2A is formed so that
The vol ure of DAL SheARRATORT PEVSPRORIOR rovedne TS BRES VI ARRE of t he
chanber 1p 204b. In reality, the upper casing 202A is formed so that the

hei ght of the |ower chanber 204b is larger than that of the upper chanber
204a by the Vol umeAoFoR HeDY PBFAPF ORI fisiie Pt hREERWIE 205R% Theeower

casing 202B hag.thg3s5amen SHEYEIM © @ LRE YBBChHa 88 NG 202A. +3d Next, the
operation of "the jet flow generating apparatus 201 having the foregoing
structure w thrbaghdeskss BddAaee 2038acorthelrodgn? @9 20 cappkiesd i AC
vol tage the vibration plate 211A and the vibration plate 2Z11B. This

10 structure causes the two vibration plate 211A and 211B to

integrally wvibrate.

The upper casing 202A is formed so that the volume of
. the chamber 204a is almost the same as the volume of the chamber
15 204b. In reality, the upper casing 202A 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
apparatus 201 having the foregoing structure will be
described. When the control unit 210 applies an AC veoltage
to the coil 203¢c, the rod 209 moves in the upper and lower
25 directions shown in the drawing. 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 pressures of the
chambers 204a and 206b increase. As a result, air is
30 discharged 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,

si nce t he phdseguenty}t bensoamet bavrés r(dzrzl;earzomhlaqi 2083are wameesteof, basi c

frequency) ge erate t he nozzl e /B 08B are.iny erte 5 .t he sound
waves vveaken ﬁfﬁuggﬁqe%esﬂ:ec ed’i%%ﬁ? Q}’E e e %8?"%7%% Flpﬁe Noi gie St the

apparatus caf bRedesiedsedes! niaddhtt Doyl neeuadevactsabdroa2dd and four
chanbers are disposed, the discharge anount of_ air can_10 be increased with

a smal | el ecEFPEURRTEL 98RE R FRE BB A Priep 27 €1 Eheye CARBFE S VeSS 1n

addi tion, saceqrdiBgnd Oydhe eahedhnegtn StMce two edge nmenbers 215A and
215B are di sposed, 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 apparapis P&i té QAN Ral: 58{ n%%% +nENErSReAKES 235

has a frane 213, a vi Brat ate 211, an’ 215,”" and a dunper
236. The edgearreh@edec&ﬁs&dd the ad:lsim@lonZBS:Lac@ o[ dlc$pe$ed et vwash t he

frame 213 and the vibration plate 1. ndncontrast gt .flow
generati ng a%B&Fa? iy 8535 it C)Se#éeJcciImt:“he HESUREER %%JI&AI '(t%h%ughcatnhe dunper

236 i s efibecbevenct@agsdwanth hemappasbédrse fd @mwleat aenadl tye vidirlaitigng, since

t he
efficiency can be improved.

In addition, according to the embodiment, since two

edge members 215A and 215B are disposed, 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 201 does not

need the dumper 236. Although the dumper 236 is effective

to prevent the apparatus from laterally vibrating, since the

vibration plate becomes a resistance against the vibration

25 of the vibration plate, i1t 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 power consumption. When the same power as the case that

the dumper 236 is used is supplied, since the amplitude of

30 the vibration plate can be increased, the cooling efficiency

is improved.
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vi bration plate becones a resistance against the vibration 25 of the
vibration plate, it consunes an extra power. Thus, when the dunper 236 is
not required, the vibration plates such as the vibration plate 211A and so
forth can be vibrated with a | ow power consunption. When 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 1is

i nproved. 64 A power of 2 (W was applied to the speaker 235 shown in Fig.
31 and the vibration generating devices such as the vibration generating
devi ce 205A and so forth shown in Fig. 5 30 and their displacenents were
measured. I n the speaker 2 d the_vibration._generatin vi.ces, the
same nmagnets and g’a%%w?rolgeszh%ll r‘f&st ﬁéﬁ%ﬁ}e tsal %eea%p%%kgr?r%gﬁe%%owm%re used.
The size of ibheiyi @lathantid atierdtidnvwesndrdae isgnecascdhasusihzes afhe t he si ze
of the vibration plate 211B. The_ di ,arre% and wei ght 10 of each of the
Vibration pl SiBE2519A GEIEISEIRIATE G GURR P SOy THRERRUB (5)Fie-

respecti vel y30ldahd Bhei€endbl keBmeh € weaBRldalsudedof trhenvidpeakbennyy ate 211
shown in Fig. 31 was 1.32 (mm (vibration amount was 1.32 x 2 = 2.64 (nm
) . On the oftRer thPaRdPTatdoPhecReFREIIF CTRERA | FAFiSFme3NagRfksS &5l i t ude of
the 15 vibraki,gp Rl@len 2114 YRS sam@bs {78 s t M Sh WaS bWk 68 e8S |WfHe as
the case that the structure shown in Fig. 31 was used with the sanme power.
I n addi tion, ssizacef tihe vibrrtinrerdhoan?ilh wEpgthg@akasas whevEbratdfon

pl ates, the ficien her.eof .i. | ed. _ 20 itiaon, onding to

t he enbodi me(r?]t ?Ssllzﬁéccgyft hge\; j%g:tatfl ?Sﬁqég%e%]?'nfg%égglte Egg%ﬁegls&hgene

act uat or 1203 poftdech 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 1.32x2=2.64 {mm)). ©On the other
hand, in the structure shown in Fig. 31, the amplitude of the
15 vibraticon 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 embodiment, since the
jet flow generating apparatus 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
apparatus 201) shown in Fig. 30. The jet flow generating
apparatus according to this modification is denoted by
reference 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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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 wll
be omtted. 65 A flat vibration plate 221A is nounted on an upper casing
232A of the jet flow generating apparatus 231 through an edge portion
215A. Likewi se, a flat vibration plate 221B 5 is nounted on a | ower casing

232B t hrough an edgefﬂgghgﬁgﬁﬁggméféaggibzggggsgggggggtgg on &%%Bynting

menber 226. The nountin and aro re connected. The rod
229 i s conneetedgtdBAzhef iller aet dlopl aeesr2iny apda220Bs LR otigtough

t hr ough- hol es_232Aa_and. 23 o T as _an_actuyator_is. driye t he rod
229 is nnvedénﬁggEEnguf??%5h§"vr%$%ﬁW%ﬁ$’p?a é%zﬁiﬁﬁgtﬁﬁhpgﬁgﬁ egrally
vi brate. Thuss mshunaed &e asysweat eysdig tBes jmioubhowm gegemaimbag Ammr at us 231

is nore inproved t that of the jet flow generating apparatus 201 shown
in Fig. 30, %%%23@%%@?%%&%@&%%‘%@@% her BAYHI"95 Fig.

33 shows a | ekmbkpVo PN Ald RGJAPPEr At dlSc AT THO ARpther sgodi fication
-agai nst the nodification (jet flow generatlg% apparatus 201) shown in Fig.

32. The jet FPBAPCHRACT ANy vaABpararRsPrRRS dizdg esdt AZEB g dudation is 20
denoted by referenge,MUEs8ha24kq 2EBG ], etT%dsqvwsﬂ%rc%a@gr ;apparabus 241

has four casings. Arod 229 1s connected t a vibration plates 22TA and
221B t hr dggh thhrm,gﬁ2adlsego*23@AaAs a result, the vibration plates 221a

- and 221B integrally vibrate. Thus, since the symmetry of the
jet flow generating apparatus 231 is more improved than that
of the jet flow generating apparatus 201 shown in Fig. 30,
the noise of the apparatus can be further decreased.
15
Fig. 33 shows a jet flow generating apparatus according
to another medification acgainst the modification (jet flow
generating apparatus 201) shown in Fig. 32. The jet flow
generating apparatus according to this modification is
20 denoted 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 2322a
and 232Ba. In addition, the rod 23% passes through the
vibration plates 221A and 221B. The rod 239 is connected to
25 wvibration plates 221C and 221D through through-holes 232ab,
232Bb, 232Ca, and 232Da. Thus, since the four vibration
plates 221A, 221B, 221C, and 221D are integrally vibrated,
the discharge amount of coolant can be further increased. In
addition, depending on the number of heat generating members
30 to be cooled and their arrangement, the number of casings can

be adjusted. In addition, while the discharge amount of
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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, 221B, 221C, and 221D are integrally

vi brated, the discharge anobunt of cool ant can be further increased. In
addi tion, depending on the nunber of heat generating nenbers 30 to be

cool ed and their arrangenent, the nunber of casings can be adjusted. In
addition, while the discharge amount of 66 cool ant can be increased in
proportion WCCR1BAE fdbke iofcregasdngs, Poeoriorm adthatbe 2@®4ws afequired.

I n addition, L t ct uyator i i spo .at_the center. .of the

casi ngs 232£?§%§§§f %%E%fkg%g%fgéggrng%%lvyﬁﬁgﬂggﬁdfhgmbﬁﬁgﬁtéggfngs 5
232A and 232Binthehsymetaberof03 he dppasatiug tlse nehteebértiher @dethgd n t he
jet flow generati us 23 own in Fig. 32, the rod 229 may pass
| b ough t eGP RParT AR piarEs 25514000, HReDs HEEHas Tt LRBRT. SeS St | n
Fig. 28 o6 Fi2g2a29ndt he2B beard rgametriher rack thakhraassesstigough the
vibration plates  221A and 221B nay be di sposed at an upper portion of the
upper casinaeﬁgﬁﬁPEﬁEF%:lomer portion of the | ower casing 232B. This
structure applies to the jet flow generating apparatus 241 15 shown in

Fig. 33. Fig. 34 to Fig. 37 are enlarged sectional views show ng actuators
accordi ng to nodif feathtonstoflarhecaerabinr appdratus £2Ré $kawrf Lowigenerati ng

apparatuses 201 ¢4dleod Moty S0 LA Lhe H i dondhEALL 240 of a
rod 209 is disposed I n a through-hole ba of 'a’yoke 2 . shown
10 and 221B. In addition, as shown in Fig. 28 or Fig. 29, the
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

15 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 drawing, the bearing 240 is, for example, a ball bearing.
The bearing 240 can prevent the rod 209 from laterally
25 vibrating. The bearing may be a fluid bearing rather than
the forgoing seclid 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, wviscous liquid may be
30 contained in the bearing 240. The bearing 240 seals the

inside of the upper casing 2322 against the inside of the lower
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in the drawing, the bearing 240 is, for exanple, a ball bearing. The
bearing 240 can prevent the rod 209 fromlaterally 25 vibrating. 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 nore
preferably magnetic fluid. Alternatively, viscous liquid nay be 30
contained in the bearing 240. The bearing 240 seals the inside of the
upper casing 232A against the inside of the | ower 67 casing 232B. As a
result, cool@ﬁsioaanéBefﬂecaive$wltmﬁqnﬁi@mgedahrbﬁ1ef@eqqﬁxaiycasings 232A
and 232B. In F| 35, ,a.seal .nmenber | yeen an 5 upper

casi ng 232A an gha %%diegmlﬁﬁgrggger %%%ﬁn%e er EE%BEEE di sposed between a

| ower casing 2328 and a rod 209. The seal nenbers 242A and 242B are nade

of, for exanple, rubber, _resin, aqr the |i The seal nenbers 242A and
242B can seal t helPnEt%e Fne® Lﬁfﬁg'TmS’élg?ﬁ %Asaﬁh‘fﬁ%ﬁec’t RECTFRET & of t he

10 | ower Gasupge232dsirAP 232ne5Md ta 600269} WIRRRE gffant hugbyr igrcharged
fromthe casing 232A and 232B. In addition to the solid seal nmenbers 242A

and 242B, a tlﬁr%ﬁ?ﬁfﬁ%ﬁ &eipspr a dfyerseas big r\?:h?@yaﬁé 3i99%d 0%t hThe | | qui d
seal nenber. ;151 Riho36 SRONS Y gmla%tfng@eqff L RE - LK %tlw e ghgwn in Fig.

34 and the structure shown in Fig. 35. The structure owh in Fig. 36 can
prevent the rediRo o ttom 1 dkter all‘hy saﬂlbmatnbﬁgs A4¥Padudt3431B cehessstlructure

shown in Fig 6. can |de n [ S 232A i nst the
i nside 20 thg %%%ﬁecafiﬁ p§§ 3&% ﬁgggs%qg{ruc u%% ?%Q; I ch

beari ngs 1243Acand c&<3y aneBi | tred f@sﬁh&p@@b—lbﬁh@@arﬂ%%ff@@ﬂn%ﬂ%a of an
upper discharged from the casing 232A and 232B. In addition to the
solid seal members 242A and 242B, a through-hcle 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 Z243A and
243B are fitted to through-holes 232Aa and 232Ba of an upper
casing 232A and a lower casing 232B, respectively. The

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

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

Fig. 38 shows a jet flow generating apparatus according
to another modification ¢f the modification (the jet flow
380 generating apparatus 231) shown in Fig. 32. The jet flow

generating apparatus according to this modification is
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casing 232A and a | ower casing 232B, 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 nodification is 68 denoted by reference nuneral
251. The jet flow generating apparatus 251 uses a driving mechanismin

whi ch an actuator 255 drives a piston 255a with the pressure of fluid. The
fluid is supphbéddfbxnnaie&bubd supgpta/l §@arcdﬂﬁ536ﬁofﬂhe @emamﬁtﬁnQS 255
through a fluid E g% one of. ng 56 .an 25711 §Tlecte

sel ection vaf¥B?shch® u?%?englr&vva VEGPRE 17 - CPrRE %‘fts"f Or255a is
secured to az2656dird@2s alPi StoBREHSWUER taiespr@ddxmwoﬂﬁmﬁaal orrhel #lheisl 221A and
221B to vibrate. The fluid nag%be any of solid and %g 10 Fig. 39 shows a

jet flow genérsaﬂlﬂ%haepfbgrré’f“ug cﬁ%’é’l)’t §OURTE Ifet? dFP?c%ﬁ‘?WQﬁ t he

nodi fi cat songgpetnib@yn Hanefiat bhge APHAT &t Ushel 2%) F&Beg\mzs@ did.2528. The jet
fl ow generating apparatus accordi ng]dt o this nodification is 15 denoted by

ref erence nufFBLarte®by FHelestirnoid generak iavg segparatus PElohddean
actuator 265,;fhe tg%%Eoﬁ6§5§§eﬁsmeﬁ&%%?@%‘9n§$dr£5@1'99?& motor. The

rot ati onal nDtlon o) notor 1s converted into a |linear notion of a rod
185 by a |inktrpethesmislm®e6.1otki gibtatuctnrmeladleso 28lRoasdt helWitler ati on 20
plate 145 to vbbr {e. Tgygf 40 IS a}per§pe%t|ve V|eM/§homnng ajet flow

generating apparatus accorélng T danottier St FeRtd cfit he
10
Fig. 39 shows a jet flow generating apparatus according
to another modificaticon 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 moteor. The rotational motion of the
motor 1s converted into a linear motion of a rod 185 by a link

mechanism 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 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 has a casing 302. The casing 302
forms the contours of chambers 302a and 302b. The casing 302

30 has one of the foregoing vibration plates. The wvibration

plate partitions'the casing 302 and forms the chambers 302a
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present invention. 25 The jet flow generating apparatus according to this
enbodi nent is denoted by reference nuneral 301. The jet flow generating
apparatus 301 has a casing 302. The casing 302 forns the contours of
chanmbers 302a and 302b. The casing 302 30 has one of the foregoing
vibration plates. The vibration plate partitions the casing 302 and forns
the chanbers 302a 69 and 302b. The casi ng 302 has short nozzles 303a and

| ong nozzles 303b. The | ong nozzles 303b are nade of, for exanple, netal,
resin, or the like. The I ong nozzles 303b are bent. For exanple, six short
nozzl es 303a aasd 38Rk | d‘ri‘@ O3 he 3@%bha$ s tdinopeded dBaauil dbnghe

chanbers 302 3a_di spos n the er and
| ower chanbg}s g&%a and 3 %Eﬁgée e szﬁgﬂﬁare eﬁﬁﬂéﬁfigxaTﬁg "l ong
nozzl es 303b mditsposess on, tolrethpphnrkeand'l‘h@\mmgchaﬂbem ABL302a wergk 302b have

the same length. This is because the pha of the sound maves ener at ed
by the upper%%%iif%ﬂp%ﬁ%ﬁbéégl3§hn9ﬁéﬂﬁigﬁé AR BOA "RG0 Phases of

the soundswawes dgepeséd esh yadrherl ewer cRagsd.as FHzspasgdsemt he | ower
chanber 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 appar at q’%e@%oﬁ"ﬁ%zl@s R8s aflho% SR h dhe.dr
circuit board 246 has a CPU 48. A heat sink 247 is tacted to the CPU

248. The heatChEGbgrﬁkNL%?aédf$Q|%teélah’@ath©fsatﬂt$el€ﬁ@tl248 Likewt he, vite nity of
e Py 208 ABalNol {810 3R0RI 500y LPErE AIBLE afh RLUER! bhiodlls | © CI P
npl e

10 302z 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
30Z2b 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 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 example, a plurality
of IC chips 249 are mounted. For example, two jet flow
generating apparatuses 301 are stacked. The jet Fflow
generating apparatuses 301 are arranged so that coolant

26 discharged from the short nozzles 303a are discharged to heat
radiation fins 247a of the heat sink 247 and that coolant
discharged from the long nozzles 303b are discharged to the
IC chips 249. Since the jet flow generating apparatuses 301
are arranged in the foregoing manner, they can directly cool

30 the IC chips 249.
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generating apparatuses 301 are stacked. The jet flow generating

appar atuses 301 are arranged so that cool ant 25 di scharged fromthe short
nozzl es 303a are discharged to heat radiation fins 247a of the heat sink
247 and that coolant discharged fromthe | ong nozzles 303b are di scharged
to the I1C chips 249. Since the jet flow generating apparatuses 301 are
arranged in the foregoing manner, they can directly cool 30 the IC chips
249. 70 Thus, according to the enbodi nent, even if various heat generating
menber are arranged at any positions, they can be cooled by the |ong

nozzl es 303b that &hesbesdordinesportd ﬂIQbOdiJnemTe avermnjereriusfhadie heat
generati ng gRggg 1 &8 2 gggggggloqg tfgg tQ%EtEotatq§1an |nQ§IIer i's
used, heat enera Tenbers cannot?be 1ocal By cosrea’ un5ke™

enbodi ment . Ebelp&tbjlumy.gangma&&ugsammﬂfamus 3£E.hehdnebr£e$@dﬁﬂing10 to the
foregoing e rds, the nunber, of |ong nozzles 303b and

od| | n ot her
t he nunber n? hget me(g?n%ggogﬁee heqdt 9FPATEEHY JWELE - of "5 ¥ or egoi ng
enbodi mens. kBnaddtiogdl fdrhenkengoteeat em 3@31car be #Bse, afeatf Or
exanple, a flexible material. In this case, the |on nozzl es 303b can be
made 15 of r@BBEFatiRgFeierresPRANOBEPE obRcaldy crelpfkenliPrristhe he
directions ot,hhgipegz! es can be changed in accordance with the
arrangenent of various heat generating nenbers. Fig. 42 shows a jet flow
generating apparatus according 20 to a nodification of the enbodlnent (et
fl ow generating ap 1 shown in Fig. 40 I 0
menber s, functlonsgﬁéﬁkg§i§' 9§n§$%ﬁ a9 %af gg% :%ﬁ% I'n g #}
briefly descrtbbete dortehenngdasesdiptengn Wih lother words, the number of

mAII be

long nozzles 303b and the number of short nozzles 303a are
neot 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 generating
apparatus 301) shown in Fig. 40. In Fig. 42 to Fig. 46,
members, 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 numeral 311. 1In the jet
flow generating apparatus 311 shown in Fig. 42, long nozzles
304b are thicker than the foregoing long nozzles 303b. 1In
30 other words, the cross section of flow path which is

perpendicular to the flow direction of coolant is larger than
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be omtted. 25 The jet flow generating apparatus according to this

nodi fication is denoted by reference nuneral 311. In the jet flow
generating apparatus 311 shown in Fig. 42, |long nozzles 304b are thicker
than the foregoing | ong nozzles 303b. In 30 other words, the cross section
of flow path which is perpendicular to the flow direction of coolant is

| arger than 71 the cross section of each of the | onger nozzle 303b. A
nozzle 305 is disposed on the discharge opening side of each of the |ong
nozzl es 304b. The nozzles 305 can be omtted. 5 Since the flow path of each
of the | ong hbzziress30ddtidrsof @agarof haa lidneef| ove Aat B0 . eactofle he short

nozzl es 304a t he reS|st nce e forner rger than t hat of t he
latter by th8°dH3 ]dérsgﬁgg \F/gﬁnéjtsrfehqrgﬁgﬂﬁm% Erot ER PhéP%r oss

section of thengl auePEdd Joub.NCrieasSesh 2 1lhe 308Skah ape ordit g .t he flow path
of each of the long nozzles 304b can be prevented fromincreasing. Thus,

cool ant can be discharged fromthe |Iong nozzles 304b with a proper flow

amount ang a  propgEnfloMd ghey Jacki O e%%hsgﬁ\’\@h@ ﬂo%tg Lbow gengray i ng
apparatus according to another enbodi nent. e jet fl'ow generating

appar atus aéecratigeg then hhs fdwhyarhi trenf eﬁshd?e?\bh%dhbytmzerleﬁc@&mrrer al
321. Nozzl|es t?i%e%f sttQ% gﬂé"% ggagral !LQQ%%%)Q%?.ﬁt Lf%?’ﬁltgﬁn"}éa{ Ay

protrude froma Sidi a casin 655 and | engt h
of each of the nbezdiﬁfsféi&hcet betwobtnehe O]ferﬁﬁ:mhs of Hehardrer sshenchhas a

chanmber 302a and so farth, tﬂe erformance,.of an tor %lot shown), and
the anpl it ud§EOSF 3Ry 2t 5201"0??%?6‘[5 OGT SR ‘?C’OE%BI e IS e
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 generating apparatus according
to another embodiment. The jet flow generating apparatus
according to this embodiment is denoted by reference numeral
321. HNozzles 304 of the jet flow generating apparatus 321
inwardly protrude from a side wall 302c of a casing 302. The

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

256 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 the nozzles may not be freely adjusted

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

generating apparatus 321 and the restriction of the position

72



paranmeters of the flow rate of cool ant discharged fromeach 25 of the
nozzl e 304. When coolant is discharged at a desired flowrate 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 predeterm ned | ength.
However, the length of each of the nozzles may not be freely adjusted 30
due to the restriction of the arrangenent of the jet flow generating
apparatus 321 and the restriction of the position 72 of a heat sink (not
shown) . In this case, when the nozzles 304 are partly protruded in the
chanbers 302@faﬁdN302binkhén0¢eﬂgﬂh@ of In hdrisozates WBh tha mmzzkﬁawted for

the desired 3\5%' gl?g artlln a](_;ld ru ed J.%C OGI; dc*!h %bto t?ﬁZa?nb%d!B ’tl';[ he

| engt hs of the oz 2l 65 304" 2an Be i'Acrsased &S RUCH-as posSi “As
resul t, the fleegqtracyf afhe hezgeaermedtas0badadnns el Ifowerkd. deéﬁmﬂiding to
t he hearlng sense of human, as the frequency 10 becones |ower, the sound
is nore weakl"#-H&&rd. Thus, according to the enbodi ment, the generated
sound cansbe weakened as nmuch as possible. Fig. 44 shows a jet flow
generating apparatus according 15 to another nodification of the

embodi ment (] et fl W YEHE AT nFCeRpRER &8 BTIPrBAdiReTy Ehg. lamtiFhe j et

flow gener atieng, appRar qtegsw@%%%@qnt&eggba ADLEhCAL Il 81 de@&t ed by
ref erence nuneral 331. nozzl es 307a and 307b of the jet ?

gener ati ng appzsatids Bbﬁfaequ@m O§d:hteh<a¢nezm’amb$<amd psndhesbmzwd t o heat
radlatlon f'ﬂﬁc%ﬁéfngftéwﬁPa%ea %%5 %égsg d at ngefrgortlon of the

jet flow generating ~apparatus a "2e8Fi 6nal W tdken from
t he 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 modification of the embodiment (jet flow
generating apparatus 301) shown in Fig. 40. The Jjet flow
generating apparatus according to this modification is
denoted by reference numeral 331. 2ll 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 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 307k are cut in the wvertical
25 directionof thedrawing. Tips of the nozzles 307aprotruding
from the upper chamber 302a are arranged at positions lower
than tips of the nozzles 307b against the position of the heat

radiation fins 247a.

30 Although the jet flow generating apparatus and the heat

sink are simply arranged as shown in Fig. 41, their
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direction in which the heat radiation fins 247a are di sposed, nanely, the
nozzl es 307a and 307b are cut in the vertical 25 direction of the draw ng.
Ti ps of the nozzles 307a protruding fromthe upper chanber 302a are
arranged at positions lower than tips of the nozzles 307b agai nst the
position of the heat radiation fins 247a. 30 Although the jet flow
generating apparatus and the heat sink are sinply arranged as shown in
Fig. 41, their 73 installation area becones large. In contrast, according
to the enbodinent, the installation area can be decreased as nuch as
possi bl e. Wiénshealaofoh kecheladcoiak 134de necdscoot best preventitdg froom bei ng
transferred fromthe hea ink, 247 to 5 the jet flo ener ating apparat us
351 a heat HEATRPGRRERL: (I8 1100 0 168 AHSAcr BoREAerEPARER S Hhar si nk
247 and the asepoklowlgenahahi AgatpPRrtHdheddlsihkgz4AbhsdhivEcapeet flow
generating apparatus _according 10 to another nodification of the

nodi fi cat i onPERBENFROW fFhECAPPnGr AP diars T39T) Rt dWeft Firkg24 44 %nd Fig.

45. The ket thboye gefRhAlcRE raPPAE Al 2q6Qr 4509 4 dd-hi SnRdhtseadd on is
denoted by reference nuneral 341. In the jet flow generating apparatus

341, nozzl estBeghikkmdanohe|igd-c308BedrketiBegy thadedt aink A4yzagdpditern. In
ot her words, .t.he z alternately arranged on the
I o8 R R R HES 4

chanbers 302 in't Ica ‘ection in the drawi ng). Thus,
since the length of each of the nozzles 308a can be the sanme as that of
each of the nozzles, 308h, the arrangenment can ., 20 contribute to th

L e
i mprovenent of the Adt it et e 99 G FIGPPEE THEW SR B HI®l e of
t he usageaoof tot hRofREr fhé@y GeRriahi BY BpPaiaiirs AavbAg (88 foswgoi ng bent

generating apparatus 331) shown in Fig. 44 and Fig. 45. The
jet flow generating apparatus according to this modification
is dencoted by reference numeral 341. In the jet flow
generating apparatus 341, nozzles 308a and nozzles 308b are
15 arranged in a zigzag pattern. In other words, the nozzles
308a and 308b are alternately arranged on the chambers 302a
and 302b (in the vertical direction in the drawing). Thus,
since the length of each of the nozzles 308a can be the same
as that of each of the nozzles 308b, the arrangement can

20 contribute to the improvement of the muting effect.

Fig. 47 and Fig. 48 show an example of the usage of
the jet flow generating apparatus having the foregeoing bent
nozzles. As shown in Fig. 47 and Fig. 48, for example, the

25 heat sink 247 is disposed ocutside 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, cooclant discharged to a heat sink should

30 be at a low temperature. Generally, the ocuter temperature

of the case 270 is the lowest. The inner temperature of the
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nozzles. As shown in Fig. 47 and Fig. 48, for exanple, the 25 heat sink 247
is disposed outside a case 270 of a conputer. The jet flow generating
apparatus 351 is disposed in the case 270 so that nozzles 309 protrude
toward the heat sink 247. Cenerally, coolant discharged to a heat sink
should 30 be at a |ow tenperature. Generally, the outer tenperature of the
case 270 is the lowest. The inner tenperature of the 74 case 270 is higher
than the outside of the case 270 because of heat generated by inner parts
of the case 270. Thus, it is unfavorable to dispose both the heat sink and
the jet flowcagenermtisngigpparaiawsthe dlssicRser2iie dazer eabideadse cool 5 a
CPU di sposed in a desktop PCor the like, air in the case 1s discharged to
the CPU. ThuSf heresencxaratin idoGrcBRr hatCt rhe Radh i cFamdy it

desired. Al thouilrddorap1Br&d 8hikgdst Botd EROIR NS Meahasimkjapdilde | et
fl ow generating apparatus outside the case, if there is a need to neatly
package thengt0ebetins arparaiist éd Ypaceser 2d8si ried rgeditghi; 5 raR%lur es

shown in:Fig. ind FEi.g. ;48 16 CPASI derads Lo the strigl ygeshown in
Fig. 48, gi ngecgtgocﬁa tos'eg * i%g%%r 3’?8 downwar Honﬁt e nozzl es 309,
forei gn matt éssdilhsugedase dhstCRIRN Beupr evesrt mgdiabhvrdesicehdhatozz| es

309. Fromthis point _of view .the dischar di rect.ion of coolant _of the
nozzl es 309 Eﬁ? %@%FE%%&/?CE{ZP .g%ﬁfﬁescp'a gg% c|n%ﬁ(?|halltv]|“Se\%}rse SWhRg & jet flow
20 gener at i ngiappas alns haae of thin@ntiotied otde £ 1 ewhpdiarent ng Thepajaiud | ow
generating apparatus according to this enbodinent is denoted by reference

nuneral 361. Cfhaifetths GRe§entt dieTG TaphdieaCusC s HasPacEast nfgods2. A

‘,ﬁi brationgpl 8kea368 JS1 1Ml SRPE8Hckbt HEsEASH PR s363, sHiRictReatdiwpl ate 365
as a
in Fig. 47 and Fig. 48 can be considered.

In the structure shown in Fig. 48, since coolant is
discharged downward 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 according to another embodiment. The
jet flow generating apparatus according to this embodiment
is denoted by reference numeral 361. The jet flow generating
apparatus 361l has a casing 362. A vibration plate 365 is
disposed in the casing 362. The vibration plate 365 has a

25 c¢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 upper edge portion and a lower
edge portion formed on the side wall 365a are supported by
edge members 364a and 364b, respectively. The edge members

30 364a and 364b 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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25 cylindrical side wall 365a. The side wall 365a of the vibration plate
365 is fornmed in the vibration direction R of the vibration plate 365. An
upper edge portion and a |l ower edge portion formed on the side wall 365a
are supported by edge nenbers 364a and 364b, respectively. The edge
menbers 30 364a and 364b are nounted on the casing 362. The edge nenbers
such as the edge nenber 364a and so forth as supporting nenbers 75 have
bendability or elasticity. The edge nenbers are made of, for exanple,
bel |l ows shape resin or rubber. The side wall 365a may be forned

successi vel yharej mleiahitlti@m by éhastiecitperi rpher%dgajmeebeirenaré’h@dmsi ng
362, the vibrati n he ed ( A,£QMRase chanber
362a. The cggfﬁgﬂégéghf e Qg%a%?%%é%ﬁafe ”Qﬁ, he ed jé ﬁbq 364b
conpose a chaﬁﬁeerﬁZhe1Thmm@hanbe95sﬁﬁﬁarandl&&ébmatEenslyumiuﬂeﬁ so t hat

t he vol une of the_ch 2a i s al nost as .the _volu of the
chanber 362bPe?ﬁBh%ﬁ%gE§Fe§giﬁnlo CQSbPEr§f$TQ: VoBERFhYR denot ed
by dottedsci BebpSand Liteewdge, métige € PaMRe oAb dBe N@AScrinMed 8bbhY qfheopem ngs
363b. The openings 363a and 363b may be formed in a nozzl e shape

descri bed i nC88&RI ofo% hERY FLBYBF Ao EHBEEI Hent endmeae@%ﬂembsm?pﬁ@ di sposed

i n the chambepn3oda o Uikmoke 3¢bUal ool UhaUbRER! 8624 Nyl 4781 Log plate 365.
The actuator 370 I1s conposed of a yoke 376, a nagnet 372, a plate 373, a

coil 378, a mbvabreremrseth874heawglynefof tthe Thampeat3®2378s dlawsd function
of a yoke. Thgocole 37815, ¥pUd N Lhe, Tl £ rerier (3Tdy The. brati on

plate 373 is secured “heé°rovabl " A Controrounl a310 i's
el ectricadl yheerm@dmedltoy cb:ﬁ@peouhgsmmaThlenooaﬁrm} domitbd3drgerser at es a

drive signal L:i.{(gtl;riég,e e cL:l}?tn% ggaA}dlars ramplleusreﬁlt{ill g£ %pfe(r)lg_rqgg 30& the side

The openings 363a and 363b may be formed in a nozzle shape

as described in each of the foregoing embodiments.
An actuator 370 is disposed in the chamber 362a. The
15 actuator 370 vibrates the vibration plate 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 370. BAir holes 374a are formed on the side

surfaces of the movable member 374.

25 In the jet flow generating apparatus 361, since the
side wall 365a is supported by the edge members 364a and 364b
disposed along the vibration direction R, the vibration plate
365 can stably vibrate, but not laterally vibrate. Since the
vibration plate 365 suppresses lateral vibration, the magnet

30 372, the plate 373, and so forth are prevented from colliding
with the movable member 374. Thus, the space between the
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surfaces of the novable nenber 374. 25 In the jet flow generating apparatus
361, since the side wall 365a is supported by the edge nenbers 364a and
364b disposed along the vibration direction R, the vibration plate 365
can stably vibrate, but not laterally vibrate. Since the vibration plate
365 suppresses lateral vibration, the nmagnet 30 372, the plate 373, and so
forth are prevented fromcolliding wth the novabl e nenber 374. Thus, the
space between the 76 plate 373 and so forth and the novabl e nmenber 374 can
be narrowed. As a result, the nagnetic field applied to the coil 378 can
be strengt he®latsndéguand I3p foxahdandi e meateddiesmemban 874 ewtni vad y obt ai n

drive force. Lp Btign, Sl t r.Se.Qf t uaft 370 jare
pr event ed fr8ﬁ1ggﬁ€?diﬁgéﬁﬁkﬁﬁfgég e?%ﬁﬁ%& ﬁf%ﬁ%%i%ﬁ%@ﬁvfg?géféﬁgjban be
suppr essed. AJ8acan ésubtrendithamni s€onfeqimntdppatat ukx icdngheedenrieased. As

the length of _the _side wall 5a in.the_vibration 10 direction R becones
| arger, the gﬁgt%%%%gﬁ%¥§ﬁbﬁggﬁﬁnéﬁ@@engﬁﬁ%ﬁ'3%23?%§EF3Q¥5 8498° f&ifoer 364b
becones | ar geenbads tdfethy abrabton load 2 36EvERELd FaklapiviiBrages.tHHowever ,
when the size of the casing 362 is not changed, if the distance between
t he edge rrenﬁ@FhB%Wae%ngl?HEréﬁizj%e feRbeF13BAFas PRt gRASESESd-nchedsed, the

vol unes of thesahapbers 622 ardBE2Bp8s facle8a88dge PS4 Ne di stance
bet ween the edge nenber 364a and the ‘edge nenber 364b needs to be properly

adjusted. Fig. 50 is a sectional view showing a jet flow 20 generating

Gener at i ng- apparat 08 8y Eiiin ot R glad g8 R Taghne el s

menber s, 1Pundireaticmml ksedrest hargeni | e tdistthose bhowsen ntifd gedo#9 Wil | be

briefly descﬁggggr 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, members, 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
30 character H. The jet flow generating apparatus 371 also has
chambers 362a and 362b. In the chambers 362a and 362b,
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or their description will be omtted. 25 The jet flow generating apparatus
according to this nodification is denoted by reference nuneral 371. The
jet flow generating apparatus 371 shown in Fig. 50 has a vibration plate
375 whose cross section has an al nost a shape of a 30 character H The jet
fl ow generating apparatus 371 also has chanbers 362a and 362b. In the
chanbers 362a and 362b, 77 actuators 370a and 370b are di sposed. The
actuators 370a and 370b are simlar to the actuator shown in Fig. 49. The
shape and volune of the chanmber 362a are the sane as those of the chanber
362b. Thus, ®eRityaseracirearcbat Pb Bueedisnpasse SThedatubbaroB70hentoi se.

Flg. 2 1S 23986l.003nY | oSN U8Rk EE JOW < 09NEY k4 NI RRPALALLS

accordi ng to anot catron o bodi rent (et oW g neratlng
appar at us 36&ndsholvme miFthe dOamk@r ‘.Elﬁéaj &te Hkmmsgm@asatuhngea@f)aﬂ&t us

according to ific ion ote ref nce nymer 381. The
j et flom/gené?mﬁ?ﬁggégbargﬁﬁg’3 %aslﬁng nﬁoggﬁl BFhFSﬁg nechani sm

388 is di spozeduttithectasien@od82. The vibrating nechanlsn1388 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 38%q4lsssliglablac-s4BRait 6dePYsidig dy @ e8861dhe Vvibration
plate 385 is V|brateg by the actuators 370a and 370b. "The side wall 385a

of the V|bragﬁéﬁrﬁta@%aBB§r@§u%ﬁFGa%@%nqéoﬁ@oﬁh@rﬂKﬁhélgsﬁlpnOﬁﬁémwlbratlon
direction of JfResvhbratiqp f?ih bEn ”§§%tnl a EQE& rs%ﬁ éa Gy LR

mechani sm 388 according to as t Ion pla e 385
formed 10 49. The jet flow generating apparatus accordlng 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 actuators 370a and 370b are
supported by the 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
plate 385. In other words, the vibrating mechanism 388
according teo the embodiment has the vibration plate 385 formed
in a piston shape and the frame 386 as a cylinder. The
periphery of the frame 386 of the vibrating mechanism 388 is

25 mounted on a partition member 379. As a 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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in a piston shape and the frane 386 as a cylinder. The periphery of the
frame 386 of the vibrating nmechanism 388 is 25 nounted on a partition
menber 379. As a result, chanbers 382a and 382b are forned. Air hol es 386a
and 386b are fornmed in the frame 386. In the jet flow generating apparatus
381 according to 30 this enbodi nent, since the support area (contact area)
of the side wall 385a of the vibration plate 385 can be increased, 78 the
vibration plate 385 can stably vibrate, not laterally vibrate. According to
t he enmbodi nent, a bearing (not shown) may 5 be interposed between the
frame 386 andhehwibraeiomldla3®5885Aaer miadkhlelwibratbe i vant lategrdldy

i nt er posed b%& rggethenl Lubricant of mneral oil type, synthetic type, or

the like can™bé uséd. Alternatively, solid type lubricant of nolybdenous
type may be used. When liquid type lubricant is 10 used, the air-tightness
bet ween the front ortign and rear rtion of the vibration glate 385 can

be effectively inpf&y8Y ln"\’/\ﬁé’ntki‘faaﬁﬁl@fggtm?’@‘b'eako?ﬁ*ﬂiqglJﬁ)??Ea‘sﬁlow ! B8% like is

used, thes fludi dheadpheeasth¥en el FRdme 198 d-iald BRe ISic® %ACLI DEH . Vi ew
showi ng a speaker t%pe vi brating nechanismused in the foregoing jet flow

generating Aparaphsesl vcclomailfgntonan bt ek empogreRe tBPeR N gitesent
i nvention. ThenykPREALI 5g TRERARI SM acsy disgdchor 1 Hi S RiTbadi gRot 4,8 denot ed

by reference nunmeral 280. The 20 vibrating mechani smhas an actuator 370.
The act uat or c3n0be| gsednpddsdroftaveoke BF28d aypaghebrB7Enmt @l ate 373, a

coil 378, a ngv& Le q@@r 47, an o] Egr%@r The Qlﬁéﬁ- 73 ha% ., a
function of goyg g? ?ﬁ% Fﬁ%§¢§eiggﬁ%Un grodﬁﬂuf%ey ovabr ettt +o
10 used, the air-tightness between the front portion and rear

portion of the vibration plate 385 can be effectively improved.

When magnetic type fluid lubricant or the 1like is used, the

fluid can be easily retained.

15 Fig. 52 is a sectional view showing a speaker type
vibrating mechanismused in the foregoing jet flow generating
apparatuses according to another embodiment of the present
invention. The vibrating mechanism according 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 sc¢ forth. The plate 373 has
a function of a yoke. The ceoil 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 that of the actuator 370 shown in Fig. 49 and so forth.
The yoke 370 of the actuator 370 is mounted on a frame 286
having air holes 286a. The vibration plate 285 is also
mounted on an opening edge portion of the frame 286 through

30 an edge member 287,
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menber 374. A vibration plate 285 is secured to the novabl e 25 nenber 374.
The structure of the actuator 370 is the sane as that of the actuator 370
shown in Fig. 49 and so forth. The yoke 370 of the actuator 370 is nounted
on a frame 286 having air holes 286a. The vibration plate 285 is al so
nount ed on an openi ng edge portion of the franme 286 through 30 an edge
menber 287. 79 Fig. 53 is a plan view show ng the vibration plate 285, the
edge portion 287, and so forth shown in Fig. 52. As shown in the draw ng,
a lead wre 284 through which a control signal is supplied froma control
unit (not shown) t&iBheSTéF|a BIBNFiey showeidicatonyibnpreddr sHased Yfrooves

287a fornmed qptheedge:; r he | te 284 Ls cqnn dto a
terninal board 2 gecu%(g%@?g’t e F?Er?g:tﬁ%go%ﬂ %grE'E?:ng’g()'ng?j'eng‘tgeg(}%%';ﬁ;1
reference numeths d287bng s aaleddgérei2fd Oirduyh edljeh aenbarrad87igEiince t he

lead wire 284 is wed ong_t he thread-shaped grooves 287a e stress
applied to tgf'eS %% WG ?rgéﬂnab%orﬂt corleggég. PIPOA% S OWBXU‘P? ,]t%[ehgoi%a ire can
be prevenbed ikrenmrdi eabhgthidaca sbapeaniionals speakeineaush tael &agh wire

(referred to a el .suspended and connected directly to a 15

ti wire) is
term nal boaf§ ?Br%% ‘SO }é%g%ﬁdé’&irﬁ 4L HERBRE TR HEC ash et naliedichr at i on

plate is novalggesang-ddec i@t Adhe POBL d A Sor 8LEMHRH o008 SELE A dhe ti nsel
wire is novabl e, whereas the other side 1s secured. Since the tinsel wire

i s repeatedl PUSEREsSRP By Bhelddoldrrons e klgguewties 26 -seviera 10 (Hz)
20 to sever althéogeéclﬁzv)ircg 2t8.laei¥' A 'rféédogﬂtoﬁéa£ﬁe Elf}eea%uléﬂg*)le!it Z??&Ie he

speaker depends on the service |1 tinsel wre. Tnp i cul ar, when
the jet flPow2§émerthe sfrappazpriissd docthdilwpd wiractarnbet Becfersegbi ng

embodi ment s AR a result, the lead wire can be prevented from breaking.

In & conventional speaker, such a lead wire (referred

to as tinsel wire) is suspended and connected directly to a

15 terminal board from a solenoid coil. 1In other words, since
the vibration plate is movable and the terminal board is

secured, one side ¢f the tinsel wire is movable, whereas the

other side is secured. Since the tinsel wire is repeatedly
stressed 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 service life of the tinsel wire.

In particular, when the jet flow generating apparatus
according to each of the foregoing embodiments is
25 miniaturized, since the area of the vibration plate is
proporticnally decreased, the amplitude of the vibration
plate should be increased so as to increase the discharge
amount of coolant. In this case, 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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25 mniaturized, since the area of the vibration plate is proportionally
decreased, the anplitude of the vibration plate should be increased so as
to increase the discharge anount of coolant. In this case, since the
tinsel wire becones short and the anplitude of the vibration plate becones
30 large, the stress applied to the tinsel wire tends to becone large. In
ot her words, the durability of the apparatus tends 80 to deteriorate. In
reality, when a lead wire 289 is wired as denoted by a dashed |ine shown
in Fig. 53 (when the lead wire 289 is wired fromthe center of the

vi bration pl &Ped9BSricadiy t he wmalityperhphery)ead hdrst 288siappltesd to the
lead 5 wire 4,1 - g TS, .sho in.Eig: 5 t tinsel wre
284 is spira%?ydéf?%%fggv?he eé§§§ﬁ§%b§%“%8%5 ?hg'ﬁy%ggﬁgnWﬁ%%]f%ﬁpcan be
ef fectively pieectfi®edsfwviomdifeaki e cEngerbdf itheaviectiiamaplatewsshowi ng a
vi brating 10_nechani smin which two vibrati mechani,sns, 280 shown in Fig.
53 are synne???%gJ{he(ﬁ%§35588?13¢ﬁ5Xh'b3 iﬁggﬁiﬁﬁﬁﬁﬁ d EHOB&F!E?%% g. 54 is
denot ed by reteeameinuaegal 28hs,|l 8s tdh@wnvibragi MR, Meharhen 2821 | ead
wires 284 are wired in spiral grooves formed on the front and rear
surfaces of YATBdgE hembera13YIBTeUEr g e REIBATBRE Shapéhsftinieledge

menber 287, heel 2adl cM RS 23420 be SRV d WrbRdpPEa kg, frond and rear
surfaces of the edge nmenber 287. The vibrating nmechani sm?2 havi ng t he

foregoing 20 structure is disposed in a casing 382 shown in Fig. 51 instead
of the vibrating mpehans s 388 402 :8nkeShlly Shduilnd LOWipHEELS! I NO
pparatus is structured. e foregoing tinsel wre may be buri®gd in the

edge 251fenhecha®¥sm Antwirivdt twemibrasihgmgcasnt hes df@pshofn theritg.nsel

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. As 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

3¢ wire can be decreased.
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wire can be kept for along tinme, it can be suspended in a spiral coi
shape, not secured to the edge nenber 287 and so forth. In this case, the
spiral grooves of the edge nenber are not required. As a result, the
stress applied to the lead 30 wire can be decreased. 81 WHAT IS CLAI MED
I'S: 1. Ajet flow generating apparatus conprising: a plurality of chanbers
each having an opening and each containing a coolant; a vibrating
mechani sm for _vibrating the coolant contained in each of the plurality of
chanmbers so a&#fh I%i%@ﬂ%@ﬁbI§he cool ant as a pul sating flow through the

openi ngs; andia contr 9kt Upidw fRmeGaREHG! dhpr e HoRpbat keRgof the

vi brating mechani smso that the sound waves generated by the cool ant

di scharged from t hea@pPligality of cbhRuEbpder sagedieanng eicippenbes angd, eFHe j et

fl ow generating. appalat s As1Ghted in claim 1, wherein; when the distance
of adj acent opeﬁings %% at Iegst'one set of chanbers is denoted by d (m
and the wave | engt haof vilited iggunuesteare. sgentont edbiratihe aenbesclsntdenot ed

) LR AR Ly U e T AT

apparatus as Ci

adj acent openidagshatgat theasiocanet s8f of pehaabeng ifSodenoiredigby thd M) and
the wave length of the sound wave generated in the chanber is denoted by
X(m the condPPPBAST P A6 is satisfied. 4. The jet flow generating

apparatus as cited hNcaA¥roPN&i¥ rehabBRtdolDindy tMACKELPation of the
vibrating mechanism so that the sound waves generated by the
coolant discharged from the plurality of chambers weaken

each other.

2. The jet flow generating apparatus as cited in claim
1, wherein;

when the distance of adjacent openings of at least one
set of chambers.is dencted 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 Jjet flow generating apparatus as cited in
claims 1 or 2, wherein;

when the distance of adjacent copenings 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 cited in any

cne of claims 1 to 3, wherein;
said control unit is configured to control the

vibrations of the vibrating mechanism in the range from 80
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said control unit is configured to control the vibrations of the vibrating
mechani smin the range from80 82 to 150 (Hz). 5. The jet flow generating
apparatus as cited in any one of clains 1 to 4, further conprising: a
sound absorbing nmenber or a |lid nenber disposed at one of the plurality of
chanbers. 6. The jet flow generating apparatus as cited in any one of the
precedi ng clainms, wherein; said vibrating mechanismhas a vibration plate
di sposed in each_of the plurality of chanbers. 7. The jet flow generating
apparatus as ¢&Ptee i'%Zany  one of the preceding claims, wherein; said

vi brating nechani sm 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 precediPag cl &has Jjehdilewn gesardttont ppparatius iss corfddyuiredany

control the phase cdifferenc o% r ctiv nd waves generated in the
plurality of c%an%erg a(tlo sbg 380 h,Eaﬁ%glreé: r?g?néjg?sé%%'ts the nunber of
chanbers. 9. The jet bbowd ganerdtinggmappar atrus dsdcnémtbd RIicbabed 85
wherein; said cont%oghunit iﬁ.%onf'g red to control the anplitudes of the
sound waves g&REr 8f et PYHE I 8 i%l’i‘/a ©ISchanbers so that the anplitude
becones al nost the sane. 10. The jet flow generating apparatus as cited in
any one of the preceding clains, wherein; 83 , .

6. The jet flow generating apparatus as cited in any

one of the preceding claims, wherein;

said vibrating mechanism has a wvibration plate

disposed in each of the plurality of chambers.

7. The jet flow generating apparatus as cited in any
one of the preceding claims, wherein;
said vibrating mechanism has a vibration 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 contrel 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 Jjet flow generating apparatus as cited in claim
8, wherein;

said 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 claims, wherein;
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said vibrating nechani smhas vibration plates alnost symmetrical to a

pl ane perpendicular to a first direction which is the direction of the
vibration. 11. The jet flow generating apparatus as cited in any one of

t he preceding clains, wherein; said control unit is configured to vibrate
the vibrating nechanismw th a [ower input than a rated input of the

vi brating nmechanism 12. The jet flow generating apparatus as cited in any
one of the preceding clainms, wherein; said vibrating nechanismhas a first
vibration plate asyatEt vibaktirg aephanesmpergrenvdbeat bon tw.atlee dilmest | on of
vi brati on, andS a sé%%gngl v{(praatilon pl ate h(gvi nﬁa altrmst .he sar.re shape as
the first vibratlon prate ® Vi BratingCaPRBet CHPY HE s & Shi FeEEFOHCSs t he
direction of timachi hsatheniofedtienf bEsthe winmdtiem,pl ate, and bei ng

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,
wherein; saidgontraheunidt hgsowd ddnetatShgnalppaenenat bag Urkl ifOrany
generating a drive signal that causes the vibrating nechanismto vibrate
at the first forr@qﬁén*ég‘? RiRFes188c6heinsi g edBherating unit for generating

a drive signal that sgausesntfigr dihYing; rechapigmnte WHratg atotheg dirst
frequency, but not to vibrate at a second frequency that 1s different

fromthe firstvibregirehaechenismy withea) dowdy gwprgénehan ingradpdaiapws &S cited

in any one Ofth(r:h@ii?f%ﬁ?g 'ﬁ%c%laﬁﬁgxﬁz further conprising: a sound wave
detecting unit for detectlng sound waves

12. The jet flow generating apparatus 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 almost 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 Jjet 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 fregquency.
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generated in the plurality of chanbers. 15. The jet flow generating
apparatus as cited in any one of the preceding clains, wherein; said
plurality of chanbers conprises a first chanber group, and a second
chanber group each of which is conposed of at |east two chanbers; said

vi brating nmechani smconprises a first vibration plate for vibrating the
cool ant contained in the first chanber group, and a second vibration plate
for vibrating the coolant contained in the second chanber group; and said
control unit is configured to control the vibrations of the first and
second vi bratil®n pl abesI§6 FHRY ICRETIbIME ARRBLgEnetat@dbath Hthea®¥ r st

chanber group qugakench 361 ARk, o Alithd N3kl shugaihiged sound wave

generated in the first ‘chanber "group and a second conbi ned sound wave
generated in the seeoatuwhariver dgrotpngeaken Tachkiepebeing E6undhevest fl ow

generating apparatu s. cited in claim 15, further conprising: a sound
wave generati§§H§E?€e$ﬁ¥1§%ﬁepg F%%gﬁﬁéF%é?am§86ﬁd wave that further
weakens t he weakened conbi ned sound wave. 17. The jet flow generating

apparatus as c¢ited jn an ne of the preceding clains, further conprising:
2 Gasing havi 1g a (HFoWgh- fOPE SOIZREIRY nePRrrCRARDE? CHFEURTpaRY| SFoned by

the vibrationcpl @ie prabeafid c18bnsaitheyebrat i Ng nMechani sm has a vibration
pl ate; an actuator disposed outside the casing for driving the vibration

plate; and a rod pa$8ifigPtHrdddh CheChHERUIGH- RBPEIER Dild§tnelhamper

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 wvibrating 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 scund wave generated
in the first chamber group and a second combined sound wave

generated in the second chamber group weaken each other.

le. The jet flow generating apparatus as cited in claim
15, further comprising:

a sound wave generating unit for generating another
sound wave that further weakens the weakened combined sound

wave.,

17. The Jjet flow generating apparatus as cited in any
aone of the preceding claims, further comprising:
a casing having a through-hole for forming a chamber

group partitioned by the vibration plate, wherein;
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in synchronization with the notion of the actuator. 18., The jet flow
generating apparatus as cited in claim 10, further conprising: a casing
having a through-hole for form ng a chanber' group partitioned by the
vibration plate. 19. The jet flow generating apparatus as cited in claim
18, further conprising: an absorbing nmenber 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
conprising: a first %;%’Fﬁér?éﬁnqIW?CPSBlB@i?ﬁf(ﬁ:ﬁ&?f@&lPﬂ P+R*€% hr ough- hol e
or in the vicinity tdhereahated. didp@det ohit ovagenar aldsnaqappar @k Ui as cited
inclaim 20, further conprising: a second bearing for the rod being

di sposed at a “odiProhiOppostte 8% he first bearing, wherein; said rod
passes through the W Beatpon;iphatSerouwdR: tﬁélecﬁr%&gﬁlmegsﬁgr@é-'nﬁgm ol at us
a

as cited in claim 18, further conpri'sing: 86 a seal nenber that ocks the
casi ng passi ng™ B¥aghRont #at itchy odgh- hbe endiiom tdfe tbet sttheat®3. The jet flow
generating apparatus as cited in claim 20, further conprising: a seal
menber for sealing the casing against the space formed between the rod and
the first bearlBng. Z#e The [ktwfJowrgedegabppgrapparaat wstad ¢ht edaim any

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 comprisings:
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 being dispocsed at a
position opposite to the first bearing, wherein;

said rod passes through the vibration plate.

22. The jet flow generating apparatus as cited in claim

18, further comprising:
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one of the preceding clains, wherein; said vibrating nmechani smconprises a
first and second vibration plates; and said jet flow generating apparatus
further conprises; a first casing form-ng 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 vibrating nechani sm
further 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?at geati rpgnbehd-hedcadckdr oy hedwdings passornedtionght he

first and secQgg gh;g ﬁgy%lglgggﬁh%ﬁ?g?ﬂgﬁgg_ noved in synchronization with

the notion of the actuator. 2 Ow generating apparatus as cited
inclaim 10, further conprising: a first casing formng a first chamnber

group partiti,Qned a.fjr vi bratiqon plate of the vibratian | at es; and
a second casi?g'forg¥ﬁgj3£sg%%%dg%ﬁgﬁﬁépgg?Bﬁﬁra?ﬁﬁtqﬁiQﬁﬁﬁg By §B§é@ond
vi bration pl ate, ofuttte=widamat-i enngs pl ates, wherein; said vibrating

mechani sm has an actuator di sposed between the first casing and the second
casing for driving 2tf8¥ iMEPCANPE G i BiatPeAP| 2GSt aflP £P268

passing througlrhBe bétwderitheS@6aNENG LEKOUGN-ROLRErig@NNECL I NG the first
and second vibration plates, and being noved in synchronization with the

notion of the actuator.
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 chamber group
partitioned by a first vibration plate of the vibration 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 through the first and second through-holes,
connecting the first and second vibration plates, and being

moved in synchronization 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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26. The jet flow generating apparatus as cited in claim 25, further
conprising: a first bearing for the rod being disposed in the first

t hrough-hole or in the vicinity thereof. 27. The jet flow generating
apparatus as cited in claim 26, further conprising: a second bearing for
the rod being disposed at a position opposite to the first bearing of the
first casing, wherein; said rod passes through the first vibration plate.
28. The jet flow generating apparatus as cited in claim 27, further
conprising: a third casing having a third through-hole through which the
rod passes, whéabes, Wwirginhird casing forns a third chamber group

partitioned by a third.vi I p 0 ed_to i
t hrough the third tﬁ?gﬂghghg%ggg%9&gﬁﬁ%ﬁ%%?e£%%w?%eﬁ%?§?§%§ %g é%% us as
cited in clai bet@8en fithd Harstoopsisy rgid Beatetem$tcamiagoffoa frtvingeal

menber for sealing.the fjrst casing passing through the first through-hole
agai nst the %b?s?ﬁ%ﬁEuﬁP S$EECS dvégﬁﬁth%ﬁﬂé;aq%§r 841 ing the second
casi ng passing throughribhe gpesentgt hepughghol en@gafFnsic t hend oussdsles 30.

The j et fIOM/%eneratin apparatus as cited in claim 26, further
conprising: a Eéan?ﬁﬁéiﬁsdcﬁo%ﬂﬁﬂtFﬁg the fiest erdi A§CABAI KERrIhePn second

casing throughiarSPACHPYIMBENmbP& rafl ARLNLBR1 AL LA Qfith WAEM 8bfion

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 clted in claim
27, further comprising:

a third casing having a third throcugh-~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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said actuator is configured to contact the first and second casings so
that the actuator covers the first and second through-holes. 31. The jet
fl ow 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
agai nst 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 quidﬁbﬁﬁﬁggrgggeﬂ r%IF+ﬁf5Jﬁe99fB?mb%5vﬁ?ﬁy%Q%%lP%dtV?th t he

pressure of a ffilrdtdcadthg Wwstiay thawgaeraealri Ag: apRaLBhUSe1aS LYaki gk i n
claim 18, wherein; 89 said actuator has a rotor, and a |ink nechanism for
transferring tHe PYEEId0PAN RoSEEPNDIS e TRFReN 405 tkeling. thss sevhed | et

fl ow generati ngsappapabsshAscHrohgd the aB¥corRNebubhendeceding: cLad s,
further conprising:. a casing having a side wall, and a discharge nozzle
for cool ant i dtta@ddsrg di scharge nozzle having a first end and a second end
that protrude fromthe side wall to the outside and the inside of the
casing, wherein; the casing forns each of the chanbers. 35. The jet flow
generating app@@rat ushas jeict édown ganyratimg Giopbhetyy exedeigecc| &i nBlaifiir t her
conpri si ng: a;ﬂf“%uﬁaﬁﬁlEOQQLQH%Q:“h'Ch t he cool ant is discharged
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 Ffirst and
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 confiqured to contact the first and
second casings so that the actuator covers the first and
second through-holes; and

said actuator comprises 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.

32. The jet flow generating apparatus as cited in c¢laim
18, wherein;
said actuator has a fluid pressure generating unit for

moving the rod with the pressure of a fluid.

33. The ijet flow generating apparatus as cited in c¢laim

18, wherein;
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fromat |east one of the chanbers. 3G 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 nmenber; and a second nozzle through which the coolant is

di scharged to a secon hegt genq{atin menber that is different fromthe
first heat generating Mefberat®8 N3MmE [FOLoFt oW Yeherdth AGCAPPEF At RE as

cited in any teAeseériifigy phecesiargoshaifBuionheteiny B30csaid el sbgnozzle is
straightly forned, whereas said second nozzle is bent. 39. The jet flow

generating apparatus as cited in claim 38, wherein; said first nozzle has’

a first flow pgth hapengea fdist odrghgt b and ' cL] |, ar
perpendi cul ar to the flgw direcf%éh o% ?ge %%% %ﬁ%%‘%ﬁdé£§¥g E@c%ﬁ% nozzl e
has a second fPPéwepatihe Harfasgiag sbebr |fawghhrt depiisilngrger than the

first length and a seeq S ' | area t js,larger._than the first
sectional area. 40.%%heg?8? ﬁ%%%f gkéﬁg%iHéygbﬁ%%%fhéggghéfgﬁdn?ﬁigﬁy one
of the precedifeg cocliam, ificnidiey donpirirgé ngzzaechsting di shesednanamd heat
Stk naving a.pLurald tohy OhalSRoekadh AN hlNS1ad A1 198 LIS BYL{Bce

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 jet flow generating apparatus as cited in any
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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per pendi cul ar 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

vi brating nmechani sm i ; Lbrat] . I S i |4l
vertically disposegggﬁp% %§%f¥%g¥%o%§6$ggﬁgh§?gr%??%ﬁ# Fﬁ8§%%§é%§h I
havi ng a firsteendd porddlen iandeat second end portion that are opposite in
the direction of the vibration; a first supporting nmenber for supporting
the first end 91 portion; and a second supporting nenber for supporting the
second end papti onThé2jedhelgretgdneewt gafessdd g udppar ai usd asn céXLh i N any
one of the preceding clains, wherein; said vibrating nmechani sm conpri ses;
a vibration pP&te"MhF"g a side wall disposed in the direction of the

vibration; and a supp9atfinGtnBEPLle hat s!iidakl Y1SHURREAt ARG Ahe Bide wall
inthe direction of the vibration. 43. The jet flow generating apparatus as
cited in clai /eB2th afiferelATSEAFHPPRAL ¥R MEEREPAALFIIRES ta Fidrileant

i nterposed b@&%@@@i&ﬁﬂm@ﬂﬁﬁa%%Eﬁaﬁﬂg Lt he supporting nmenber. 44. The jet

fl ow generating apparatus as cited in any one of the preceding clains,
wher ei n; said second nozzle has a second flow path having a

second length that is larger than the first length and a second

sectional area that 1s 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 radiaticn 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. The 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 wvibration, 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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said vibrating nmechani smconprises; a vibration plate; a supporting nenber
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 fl ow
generating apparatus as cited in claim 44, wherein; said supporting nenber
has a groove helically forned 92 around the vibration plate; and said | ead
wire is wired along the groove. 46. An el ectronic device conprising: a
heat generatiRg§FhEMbera® plurality of chanbers containing a coolant; a

vibrating mechani smf QbcadIRbbag: 1P aRkantor comiedy! tnd Ny al ity

of chanbers so as to pulsatively discharge the coolant toward the heat
gener ati ng negbéreoriridna control unit for controlling the vibration of the
vi brating nechani smso that the sound waves generated by the cool ant
di scharged fromthe plurality of chanbers weaken each other. 47. A jet
fl ow generati a4z nmetted jeonprowi gepetrbeisd eppaektus vadradttedgia sopl @
contained in a_plurality. of cganbers each having an opening so as to
pul satively dPEGHE?BEeC%ﬁgm%S fHM PRFBTUYN each of the openings: and
control ling the vibsaidonsooftinbemeophaiim serhatespund waves generated by
t he cool ant discharged fromthe plurality ) ) _

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 vibration.

43. The jet flow generating apparatus as cilted in claim 42,
wherein;
sald vibrating mechanism has a lubricant interposed

between the side wall and the supporting member.

44, The jet flow generating apparatus as cited in any one
of the preceding claims, wherein;

said wvibrating mechanism comprises;

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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of chanbers weaken each other. 93

arcund the vibration plate; and

said lead wire is wired along the groove.

46. An electronic device comprising:

a heat generating member;

a plurality of chambers containing a ccolant;

a vibrating mechanism for vibrating the ccolant
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
contrelling 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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