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- 1 DESCRI PTI ON SO5P0309 GAS EJECTOR, ELECTRONI C
DEVI CE, AND GAS- EJECTI NG METHOD Techni cal Field The
present invention relates to a gas ejector configured
to eject gas so as to dissipate heat generated by a
heater, an electronic device equipped with the gas
ej ector, and a gas-ejecting nethod. 10 Background Art
Hitherto, increase in the quantity of heat generated
froma heater such as an I1C (integrated circuit) due
to a higher performance af ja_PC (personal conputer)
causes a problem and a variety of heat dissipatd®@pg3go
net hods are 15 proposed or conmercialized. Wth one of
the methods for dissipating.thg heat, by arranging a
heat dissipation fin composed of netal such as
aldny Rymcrore oMt dsiraMTEh pheck C antheal kgreosl Ghediop
fromthe ICto the fin so as to be dissipated. Al so,
wi th anot her one of the nethods, by 20 enploying a
fan, hot air in a housing of, e.g., a PCis

Té¢ghriefal] [Rieddpel | ed, | owtenperature circumanbient air
is introduced to the surrounding of the heater so as
to 3CRi BYeS e En$dPPat F oMt e Wt h afBEheI SR of the

hods, | oyi di ssipation fi d f
TR O SRS R BBl R S e 2 fan
a i aeful by EeLeCt 8 Mkl ibBeequopePRB0%he gas ejector,

and a gas-ejecting method.

Background Art

Hitherto, increase in the quantity of heat generated

from a heater such as an IC (integrated circuit) due to a

higher performance of a PC {personal computer) causes a
problem, and a variety of heat dissipation methods are
proposed or commercialized. With one of the methods for
dissipating the heat, by arranging a heat dissipation fin
composed of metal such as aluminum to contact with the IC,
heat is conducted from the IC to the fin so as to be
dissipated. Also, with another one of the methods, by
employing a fan, hot.air in a housing of, e.g., a PC is
forcefully repelled, low-temperature circumambient air is
introduced to the surrounding of the heater so as to achieve
heat dissipation. With another one of the methods, by
employing a dissipation fin and a fan together, hot air

around the dissipation fin is forcefully rejected with the
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fan while making the contact area between a heater and
air wder. Unfortunately, forceful circulation by
such a fan generates a tenperature boundary | ayer on
the surface of a 5 downstream part of the dissipation
fin causes a problemthat heat cannot be effectively
rel eased fromthe dissipation fin. 1In order to solve
such a problem although increasing the w nd speed of
the fan so as to nake the tenperature boundary |I|ayer
thi nner can be a candi date, 2i ncreasi ng the nunber of
10 revolution of the fan in order to increase thegMdpadoo
speed causes a problemthat a noise is generated by
£hRSBOA 18 1n5CERL OBladinG LaMpOr, A pind oL seh S o
generate Ue’to a wnd fromthe fan. 1n Some nethods
wi®@&r breaking the tenperature boundary 15 |ayer so as
to effectively rel ease heat, a synthetic jet flowis
ut i lUnfedtuihtsly,s fiorcefdédct oce] Acitonmbyi Bgchid& fan
generated, e.g., by a reciprocating piston provided in
Jane o ér FerRetyhi e hslvadesyf britedPratthensushdcofof e
ected through the hole is called. a

chanmber. The air .ejec

d%%%"ﬁeeﬁ“b pjaéF %% oW iETdPRELPR | T} S2YUTeRt gr BTOPLER (that
b he . t b d I ) )

SRR E S A SR LBy .

'the
Description of US Patent NO 6123145 (Fig. 8, and so

wind tdpecand £ Jaipangae ddnexsanbnadkPatient:cApplrbcaté Bowdiary

Publ i cati on 2000-223871 (Fig. 2)). - 3 S05P0309
layer thinner can be a candidate, increasing the number of

revolution of the fan in order to increase the wind speed

causes a problem that a noise is generated by the bearing

. section of the fan or a wind noise 1s generated due to a

wind from the fan.

In some methods for breaking the temperature boundary
layer so as to effectively release heat, a synthetic jet
flow is utilized. This is intended to eject moving air
generated, e.g., by a reciprocating piston provided in a
chamber, though a hole perforated at one end of the chamber.
The air ejected through the hole is called a synthetic jet

flow and facilitates mixture of air so as to break the

- temperature boundary layer, thereby more effectively

dissipating heat than by known forceful circulation with a
fan (see, e.g., Description of US Patent NO. 6123145 (Fig. 8,
and so forth) and Japanese Unexamined Patent Application

Publication 2000-223871 (Fig. 2)).
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Unfortunately, with the technique set forth in
Description of the foregoing US Patent NO 6123145,
vibration of air due to a reciprocal notion of the

pi ston propagates as a sound wave, thereby causing the
sound wave 5 to occur a noise problem Also, since
the trend of an IC for a higher clock in recent years
causes the quantity of generated heat to grow
steadily, in order to break the tenperature |ayer
formed in the vicinity of -the-dissipation fin, due to
the heat generation, sending a nore quantity of XQsgbBoc
towards the I C and the dissipation fin than ever is

neeqdedorkin JONE, SO tBYEfe! Pedih ars%‘i:u%ogél}]e. cting

S
air by wvibrating a tinbale as that shown | Ig. 1A
peéSElases bR tResEddddion oF bhe.fonrgoisng:yUss Pat ent
NO. 6123145, the ejection quantity of air must be
vibcatgiased foyimpkuard ke rébipaptal wteioh bletke bpbdtceon
greater. Accordingly, if the frequency of the tinbale
PTYPIIRTES aGdRbF@IBATRYea Phebelmm ofusigonshseseonnd Heave

ti mbal e al sp occurs. On the confrary, while, a
CU TR s 8 Pﬂl?%eplf%cf&bncﬁqﬁ%u%%cea j §gengpef an IC

£8 LB AIANLL Ly, Qe ALl GECLEARRR ACERLALNGNY, . 204 N
Vi ew of the & oye-desprlbeﬁ CI'Tcunmstances, “an o J%ﬂﬂ

g&eddt@dPhesento | SWRNIS@RE Sy ] 01 Pfd R A r8aBr L RCLIY
capable of effectively dissipating heat generated

tdnpnaauleal eyer Widred AR bhéi Nidciigitse ogenre adli O @k ion
little as possible, an electronic device equipped

£i4 t Klueh&ogbke djeadt arenegatian gasendiBigepenvragawe iy, of
4 SO5PC309

air towards the IC and the dissipation fin than ever is

needed. 1If done so, even in an apparatus of ejecting air by

vibrating a timbale as that shown in Fig. 1A disclosed in

Description of the foregeing US Patent NO. 6123145, the
ejection quantity of air must be increased by making the
amplitude of the vibration greater. Accordingly, if the
frequency of the timbale is in an audible band, a problem of
a noise of the timbale also occurs. On the contrary, while
a decrease in the frequency reduces & noise, the ejection
quantity of air decreases accordingly.

In view of the above-described circumstances, an object
of the present invention is to offer a gas ejector capable
of effectively dissipating heat generated from a heater
while inhibiting noise generation as little as possible, an
electronic device eqguipped with the gas ejector, and a gas-

ejecting method.
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Di scl osure of Invention In order to achieve the
foregoi ng object, a gas ejector according to the
present invention includes at |east one 5 vibrator, a
plurality of ejecting sections adapted for ejecting
air in a formof a pulsating flow such that vibration
of the vibrator allows sound waves respectively

gener ated upon ejection of the gas to weaken each
other; and first control neans for controlling the
frequency of the 10 vibratign-of the vibrator. In the
present invention, the term"to weaken each otheygspp309
neans "to arrange sound waves generated by the

vi brator to weaken each other in a part of or al
region in which the sound waves propagates". 15

DAsEDsHimg droThhenpi@sent invention, the plurality of
ej ecting sections ejects gas such that sound waves

genemabeder upommdjiest aheofotdipigrs ovgaken eagds aijReror
thereby reducing a noise. Especially, since the first
AEHMEHISIY FeakBe opte IR es nREtiPROlRAIAS! athéeedbrenaor,

t.he as eje tio uantity is increased as nuch as
v AR TR b?ftqﬁaactﬁ ¥ $2e YHRIAPTBRE o E hE Bby

£l ey A 254D 10 NER1 0L B IR Slion fugEder 1O

rrange sound waves to V\B

vIhasEeSnabe §Héf$fﬁkaﬂa¥'a@l@ﬂ@lébuﬁﬂt#393§tkgg ¥ct1¢él
order to arrange sound wave to weaken each ot her,

gehardteds uabe &psoribbyfpahti i O Giasikich ahchE@ﬁieﬁn%nd

- 5 SO5PC309 vibrator, and the vibrator is vibrated
ij@tag:op@r@jlex@@a@gisfor contreolling the fregquency of the
vibration ¢f the vibrator.

In the present invention, the term "to weaken each
other" means "to arrange sound waves generated by the
vibrator to weaken each other in a part of or all region in
which the sound waves propagates”.

According to the present invention, the plurality of
ejecting sections ejects gas such that sound waves generated
upon ejection of the gas weaken each other, thereby reducing
a noise. Especially, since the first control means
optimizes the frequency of the vibrator, the gas ejection
quantity is increased as much as possible while inhibiting
noise generation, thereby effectively dissipating heat of a
heater. 1In order to arrange sound waves to weaken each
other, their phases are shifted, for example. Alternatively,

in order to arrange sound wave to weaken each other,

chambers are formed by partitioning with at least one
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alternately fromthese chanbers. Al so, the plurality
of ejecting sections includes a single housing
i ncluding, for exanple, a plurality of 5 openings
adapted for ejecting gas, or alternatively, a
plurality of chanbers (or housings), each including at
| east one opening, and so forth. In the latter case,
for exanple, the gas ejector has a structure in which
a single housing has at |east one vibrator disposed
therein and a plurality 10 gf_chanbers forned therein
with the vibrator serving as a partition. Accordigag@o309
to one node of the present invention, the gas ejector
i_ncil S nt L ns. for . cor [1ing
M R R R i
a O ZIRY rrBR eRPLd tudenefsthe vibrator, a desired
gas ejection quantity can be obtained. According to
one AlBsde 6hethrufHidSENbEI ayent i10n,sddt@on¥i bii@lwateshas
the | owest resonant frequency not higher than 200
s{mMpde howsgegeiarludpmmi drtsespmple ves dlprpdébuedty 20
ranges | ower than the | gwest resonant freguencies,
ORI ACPRG S obit PHETINPeg2Bf oIS gehdvated From
vi brators _arge substantially.the same_.as _each. ot her
PLIHAY ebAlITE ot REUULBIE! oreictadBbtHRaT T (rRest
ohOVWlerdiRg, hAWES! fFHasenant,fELQUENCYed SasthesSPUWbmple,
pressure of the 25 vibrator vibrated at a frequency
thowrls thastbhehdesomantuctube SOSHBAP & egyeaCYoUSing
maxi m zed. That is, since the anplitude can be
has at least one vibrator disposed therein and a plurality

of chambers formed therein with the vibrator serving as a
partition.

According to one mode of the present invention, the gas

- ejector further includes second control means for

contrelling the amplitude of the vibrator. For example, by
optimizing the amplitude of the vibrator, a desired gas
ejection quantity can be obtained.

According to one mode of the present invention, the
vibrator has the lowest resonant frequency not higher than

200 (Hz). In general, gradients or curves in frequency

ranges lower than the lowest resonant frequencies,

representing sound pressures of sounds generated from
vibrators are substantially the same as each other without
depending on the vibrators. Accordingly, the lower the
lowest resonant frequency is, the sound pressure of the

vibrator vibrated at a frequency lower than the resonant
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i ncreased, the gas ejection quantity can be increased
as nmuch as possible. Al so, since the |ower the
frequency, human audibility tends to becone duller,
if the vibrator has 5 a driving frequency range not

hi gher than 200 (Hz), the quietness property. taking
account the human audibility can be naintai ned.
Preferably, the vibrator have the | owest resonant
frequency not higher than 150 (Hz) and be vibrated at
a frequency not higher thangl50 (Hz). 10 According to
one node of the present invention, the first cor{gs®lnzns
nmeans controls the frequency so as to be not higher

- . W\ t hi a ;noi j t
e A b
1hBLeaddBquBBCYak Se U AT iRIARYABOL y NEOhe)e tiRaRe394 HEI -

15 According to one node of the present invention, the
mychrad grosabla. surlage sdxicendhagl swhsttart ifakbyency,
orthogonal to the direction of vibration thereof,
hamn asehithby arerdofto pgeonar flatked,s ifotthgr sdbratahdes
control nmeans controls the

70,000 ( %, the first
o [P PEBSACT GG Bt GHEP™ 20 ThaR 1002 re and

0 ntraol_,reans controls the _anmpliiude so as
1t (R BEREP LY e PPN EBMAT 1 3Py ekt Tul el
bé Ofia BH=ARBHNT bHer X84 O thBev ¥ PI@)0ha$Q 8fet PowdlS

not greater than 70,000 (m®R), is such that, even when

reddremmt gdefosndeimg buightri Bhaf. 50 @z0esk80Pe OFibrated
|l aptop PC, 25 the gas ejector is too larger in size
atardl fyessiebry feilf [Isidher thanSDBPO30A -being built in,
whereby this arrangenent is inappropriate
According to one mode of the present invention, the
first control means controls the frequency so as to be not
higher than 100 (Hz). With this, a noise taking account the
human audibility can be further reduced. Especially, the
frequency is preferably not higher than 35 (Hz).
According to one mode of the present invention, the

vibrator has a surface extending substantially orthogonal to

the direction of vibration thereof, and, when the area of

" the surface is not greater than 70,000 {(mm?), the first

control means controls the frequency so as not to be higher
than 100 (Hz), and the second contrcl means controls the
amplitude so as to be in the range from 1 (mm) to 3 {(mm).
The reason for arranging the area of the vibrator so as to
be not greater than 70,000 (mm?), is such that, even when
attempted for being built in, e.g., a desktop or laptop PC,

the gas ejector is too larger in size and possibly fails in
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for practical use. In this case, if the frequency is
not higher than 100 (Hz) and the anplitude is snaller
than 1 mm in order to 5 obtain a desired gas

ej ection quantity, the area of the surface of the
vibrator nmust be nade greater to a |large extent, and
hence, this arrangenent is inappropriate for

practical use. Wereas, for exanple, if the area of
the vibrator is 10 about 70,000 (mm®2) and the
vibrator is vibrated at a- fifrequency in the vicinity
of 100 (Hz), the anplitude exceeding 3 (MM CcausgSpP0309
the vibrator to have a greater inertia, resulting in

- ar, chapi I . ! '
B B i LoD e A o P amstt o n A gBEr Ty
fgaspei@didagnugantity, the anplitude is preferably in
the range from1l.5 (m) to 3 (nmm. Also, especially,

Si nde tthésvebsat arf has drsygnémce iexicgndipgfer than 100
substantially orthogonal to the direction of

(J7brand Shet REPéSFUdANE sHedAerhehan ca 1, tihe o5def dee

i s not 20 greater than 70,000 (nmR), the first contro
oS L GRETORT StheE TRy So o A 6 BoOh! Ghier

ShPaLSR A Kl 0t Lhe o ssoptgatpcl qimans gonliol s

mus
npli e SO as'to be in e Tange froml to

eRtdil]) and REhSE, Cabi P flihbyBREnt rﬁ@t&%%gr\éggmawefor
frequency is not higher than 35 (Hz) and 25 the

peaqiidaldeses smaller than 1 mm in order to obtain a -

8 SO05PCB09 desired gas ejection quantity, the area of

a vilbexeas, i cixample, if the area of the vibrator is
about 70,000 (mm?) and the vibrator is vibrated at a
frequency in the vicinity of 100 (Hz), the amplitude
exceeding 3 (mm) causes the vibrator to have a greater
inertia, resulting in a greater mechanical load. If the
frequency is not higher than 100 {Hz}, in order to obtain a
desired gas ejection quantity, the amplitude is preferably
in the range from 1.5 (mm) to 3 {mm).

Also, especially, since the vibrator has a surface
extending substantially orthogonal to the direction of
vibration thereof, and, when the area of the surface is not
greater than 70,000 (mm’), the first control means controls
the frequency so as not to be higher than 35 (Hz), and the
second control means controls the amplitude so as to be in
the range from 1 (mm) toc 5 {(mm), a noise can be further

reduced. When the frequency is not higher than 35 (Hz) and

the amplitude is smaller than 1 mm, in order to obtain a
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will be described later, nust be nmade greater to a

| arge extent, whereby this arrangenent is

i nappropriate for practical use. 5 Wereas, for
exanple, if the area of the vibrator is about 70,000
(m®?) and, when the vibrator is vibrated at a
frequency in the vicinity of 35 (Hz), the anplitude
exceeding 5 (M) causes the vibrator to have a
considerable large inertia due to its large vibrating
surface, resulting 10 in-aglarge nechanical | oad.
When the frequency is not higher than 35 (Hz), th&spo309
anplitude is preferably in the range from2 (m) to 5

dégyied eq%@kLXn Eit( hgoa§ea( VA%QQEgkng¥ﬁf%h

one no t he pre ent ventron, the 5 Vbr at of

wl 5 usd afe%ce&beadmgeﬁuti@is&nbea}nwe %ﬁéﬁlﬁiﬂ&lo tholatde
direction of vibration thereof and the area of the

egteftacevheseby thesrawnﬁnqement1;500n4ppﬁbpﬁnat%0f660
(m®2). For exanple, if the area is smaller than 1,500
P{?ﬁﬁﬁca% NMS€order to obtain a desired gas ejection

gua 20 fre uenc st exceed he foregoin
Oar e300 e fogtanilaen Lt %@.%%%5 EalHRE s ¢,

a95ul 1ML umi)v, ndhe ﬁgﬂptﬂé %%rrgg%% mﬁg 9{}59'1%%61 a%o

as not 'to be smal

ffémﬁe@ryra&geﬂenhéﬁlmawgsrI(ﬁiye, 1y E@%h&é' use.
In this case, the area of the vibration 25 surface is

expcafdimaplby (nat samdderthiechahbZa OO {dmive a 2onSOSRENNRS

According to one node of the present invention, the
large inertia due to its large vibrating surface, resulting
in a large mechanical load. When the frequency is not
higher than 35 (Hz), the amplitude is preferably in the
range from 2 (mm) to 5 {(mm), and ideally from 3 (mm} to 5
(mm) .

According to one mode of the present invention, the
vibrator has a surface extending substantially orthogonal to
the direction of vibration thereof and the area of the
surface is in the range from 1,500 (mm®) to 70,000 (mm?).
For example, if the area is smaller than 1,500 (mm®), in
order to obtain a desired gas ejection quantity, the
frequency must exceed the foregoing wvalue of 200 (Hz),
resulting in an increased noise, or alternatively, the
amplitude must be arranged so as not to be smaller than,
e.g., 5 (mm), and hence, this arrangement is inappropriate

for practical use. In this case, the area of the vibration

surface is preferably not smaller than 2,000 (mm?).
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vi brator has a surface extending substantially
orthogonal to the direction of vibration thereof, and
when the frequency driven by the first control neans,
the anplitude driven by 5 the second control neans,
and the area of the surface are respectively defined
by A (Hz), B(m), and C (m) , the value of A x B x
Cis given in the range from 100,000 (nmB/s) to
10,1000, 000 (nmB/s). If the value lies within the
range, a desired gas ejectpon quantity is obtained
and a heat 10 dissipation process is effectivelysggspgzgs
- achieved. Especially, it is preferable that the val ue
of t | Ler , 3/ 8)..
e AR L LS v

Here, the vibrator o Ion anp

- vihea i hiakudes Be rand cstenati R Mk adri a 11 RChbieSgShal to

di aphragm and the front and rear surfaces of the 15
thte aplhregguicar ef usBekatiCh thetabfe 4k waeeathé fhepfarant

or rear surface of the vibrator. According to one
dRptRR & the Bieslerfiontapéntpans, atha Rapdakudesisieaicdy
tof tQF regiﬁg bet ween a heater, to which the_gas

R S0 FORFT e Te8iFecBRTeRT et s EBRI BRETTS 2re
ré 4i645 aggfgﬁsi r 0 n tge heater .i t

g eater fhan . &7 qggé’anIF@é ngeF §PQ§’ the
vaIOR 1roR abeut cl 6Ny A¥RYin fEIMANGSQUSH SOIIER Qfm®/s)

t he sound waves is not higher than™ 30 (dBA). Therma
ta dg),danceosemegsal S Atk GRAkeNYieSapatiiny tak khgge,

gas ejector. The noise level is preferably 25 arranged
a gigsdgedopas cehrcthiogharanhahy 26s (@RA)ineBopneéxanpia;, -

10 . SO5PCB09 el ectroni c copnponents such as an |1 C chip
d%ﬁﬁ}ﬂﬁtﬁ8§igf?ﬁ?3§aﬁ§ effectively achieved. Especially, it
is preferable that the value of A x B x C be not smaller
than 200,000 (mm’/s). Here, the vibrator has a fluctuation
amplitude twice the amplitude B, and when the vibrator
includes a diaphragm, and the front and rear surfaces of the
diaphragm are used, "C" is twice the area of the front or
rear surface of the vibrator.

According totone mode of the present invention, a
thermal resistance of the region between a heater, to which
the gas ejected from the respective ejecting sections is
supplied, and gas surrounding the heater is not greater than
0.7 (K/W) and a noise level at a position about 1 {(m) away
from the sound source of the sound waves is not higher than
30 (dBA). Thermal resistance serves also as a cooling

capacity of the gas ejector. The noise level is preferably

arranged so as not to be higher than 25 (dBA). For example,
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a heat dissipation fin (a heat sink) are listed as the
heat ers, however, any material other than the above
listed ones serves as a heater as long as it
generates heat, and 5 this also applies to the
foll owi ng descriptions. In that case, an envel ope

vol unme containing the respective ejecting sections
and the heater is not greater than 250 (cnB).
Alternatively, a thermal resistance of the region 10
between a heater, to whichtghe gas is ejected fromthe
respective ejecting sections, and gas surroundi nggsBg3p9
heater is not greater than 0.5 (K/'W, a noise |level at

d f
- RSl 40 piok, O AU B S v

a €Al Qe sYPhHIEn CoMH a(lanlh@gt1§lﬁlh)e dRSPectiMeag) €6d i Ng
sections and the heater is not greater than 500

héxtrd)s, Acwerei ngarto renerivdeoctiiet thapr @ Re@nhbowe et d s,
the vibrator has an approximately symetrical shape

ORfY PEFepett athrabgll ase lergentli Hy asnehogonaheatn tans
dJre tion oi 20 vibration_ thereof. Since such a

Fi BPRHSR TR &1l FOMEOHRE B 1PhéOPBspect i ve
o Tor e can Bt et e, B8 B B RRe " R
ralipdcanteds @&@ﬁ@e@fe%t%nghgnéw neayes {9 n@@Vgereater
mitual 'y the same anplitudes and so forth to
thenes$o, (c@9 .a noise is further reduced. - 11 SOSPCBOQ
According to one node of the present invention, the

Alternatively, a thermal resistance of the region
between a heater, to which the gas is ejected from the
respective ejecting sections, and gas surrounding the heater
is not greater than 0.5 (K/W), a noise level at a position
ébout 1 {m) away from the sound scurce of the sound waves is
not higher than 30 (dBA), and an envelope volume containing
the respective ejecting sections and the heater is not
greater than 500 (cm®).

According to one mode of the present invention, the
vibrator has an approximately symmetrical shape with respect
to a plane extending orthogonal to the direction of
vibration thereof. Since such a symmetric structure allows
not only the respective sound waves to have mutually the
same amplitudes and so forth but also the harmonic waves
serving as the distorted components of the sound waves to

have mutually the same amplitudes and so forth to the utmost,

a noise is further reduced.
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vibrator includes a first vibrator having a surface
ext endi ng .ort hogonal to the direction of vibration

t hereof .and an asynmetrical shape with respect to the
surface; and a 5 second vi brator having substantially
the sane shape as that of the first vibrator and
arranged so as to vibrate along substantially the
same direction as but in an opposite direction to
that of the first vibrator. Wth such a structure,
even when the vibrators haveian asymetric shape, 10
by arranging themin a nutually opposite direct, th€po309
overall symetry can be kept. Accordingly, the

wav ef 06 S i0fg $RURHe MEWESH ec%@egt_»gg ¥ genehated from
the plurality of nozzles <can bé nade the same as each

vibirerot ol dlend#nBs tfi réhev Ekye t diPEOY h§Ja as it LiNess
property. A menber having a 15 | oudspeaker shape
SHEPAER MR ridIqgonad toi theatitiemtiandof vivegriciors etkireaf

y _be empl oyed as the viprator having an asymetric
aglﬁaﬁg.a%g@%‘% 5§ 1t §heRe Wode t6EPERE BP csmtsuufpenti and a

i 878k® fidde XSPPERE b eSents itaen
el e 0 Sl P05 BT Rdbel B gAY (fHEdsB Ehat

Ehenyi bf aloryigughoth r 8d. fQr
Oejecting thglgasgﬁgvgﬁ%distg%%?gpﬁygst(ggggﬁgtgo ﬁﬁ%g

sabseachi atlyertheFeamexai &.i0ahap bhe ﬂ@%ﬁiQﬁﬁB@%t@
plurality of openings, each allow ng each chanber to

dg vaatimT dtce thiathof hehe utisistte vabr&her housitng sugasa 25
can be ejected trough the openings. According to the -

S§DUCTRHEPOSYS pBSRNENS MidiTaitons hyvarammgivmyethéc shape,
b&egpectLve %Eanbers o)

rahging em 1n a mutually opposite direct, the overall
symmetry can be kept. Accordingly, the waveforms of sound
waves respectively generated from the plurality of nozzles
can be made the same as each other to the utmest, thereby
improving a quietness property. A member having a
loudspeaker shape including, e.g., a coil section and a
magnet section may be employed as the vibrator having an
asymmetric shape.

According to one mode of the present invention, the
respective ejecting sections includes a housing including a
plurality of éhambers partitioned by the vibrator such that
the chambers adapted for ejecting the gas have substantially
the same volume as each other. For example, when the
housing has a plurality of openings, each allowing each
chamber to communicate with the outside of the housing, gas

can be ejected trough the openings. According to the
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as to have nutually the same vol une, the ejection
guantities of gas, the anplitudes of sounds, and the

i ke generated fromthe respected chanbers can be

made the sane as each 5 other, thereby effectively

achi eving a heat dissipation process and reducing a

noi se as low as possible. In the gas ejector

according to the present invention, the ejecting
sections do not have respective housings but al

ej ector sections collectrveby-have a single housing.
The vibrator 10 may be singular or plural, and thepspp309
same applies to the follow ng descriptions. According
pgresene ﬂﬂﬁ@nﬂﬂoﬂﬂq%ypE?§§E@iﬂd“@ﬂ@@f%gpeEP?veréﬁﬂﬁg%E%Vgo
ej ecting sections includes a housing including a

apl trahbty witwtidybehs pand itdlaned byet Beedi yrat@Enandies
15 adapted for ejecting the gas; and an actuator

o4r gafgelite cdiidadeheohovmimiy ,arddathpt bikd arendriavedg
fthe ¥hbrator. By arranging the actuator outside the
AGlisFRG, T FREFSCUMBE™PHES 1Fd (Res Pedei e ciafoéss eegh

d . h t.her. to_the utpost. |f the
Tt o TG I s B R ol 2 tna e B bt end
26EH3E 0% n DS gl §NB Ng oy '%_g@o f ot t
preduces a ﬁ§§¥@ﬁ¥gs?g§%?%%éﬁag§gi?gﬁbg orH%HatgﬁyP§$h%as
epeesentadduterihigono Calie herdieeienhveHehor, dHoORKep 1Mt h
this, as described above, the heat dissipation process
Spetefiecid veity havhi essekcride Abuthegsanme: 23 kijsetof

noj se can he reduced as | ow as _possible. - 13
SEHEEUBDFOLACEHLURRY haY v rfe ShBddeohoeningyr eFdigt vibrator

L pventiaon, the
may De sindgular or plural, and the same applies to the

following descriptions.

According to one mode of the present invention, the
respective ejecting sections includes a housing including a
plurality of chambers partitioned by the vibrator and
adapted for ejecting the gas; and an actuator arranged
outside the housing and adapted for driving the vibrator.
By arranging the actuator outside the housing, the volumes
of the respective chambers can be made the same as each
other to the utmost. If the actuator is disposed in the
housing, heat of the actuator possibly remains, and
remaining of the heat reduces a heat dissipation capacity.
Fortunately, the present invention can be prevent such a
problem. With this, as described above, the heat
dissipation process is effectively achieved and, at the same

time, a noise can be reduced as low as possible.
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housi ng has a bore section extending fromthe outside
thereof to at | east one of the chanbers, and the gas
ej ector further includes a rod extending through the
bore section 5 and fixed to the vibrator so as to nove
integrally with the actuator, and a supporting nenber
provided in the bore section so as to support the
rod. By providing the supporting nenber, the rod is
prevented from defl ection, thereby achieving stable
vi bration of the vibrator- 1A so, 10 by providing the
supporting nenber, for exanple, so as to cover thepro309
bore section and seal the housing, air in the housing
72 ixxcRraysyted Jﬁeomoh@azfnehg_tgra‘srqu §REeROI &, the
section when the vibrator is vibrated. An electronic
holeyirce aecar dohg derdite pkesaaind et ittR olbsidgl udes
at | east one heater; at |east one vibrator; a
tiraad itoy adf lepeting ofethkronbamicapt ednfdothej @& i egpctor
as ina _formof a pulsating flow such that vibration

Dofthdte 1PchPdeera 209 SWEc86iRd Wil édsebpreetsction
o PR BRL, PLOSHEN8! 1p' 08 S5 SSetBREETatth ene

her: contro

ad CRAENCUNG" o [ Do i3l ABRBL: LRE, U RIALAT tne AGEAL dI NG
to the present 1nvention, by optimzing the frequency
s@ftide swi BEat®rsugdretej-ast ioa. qb@ﬁﬂtﬂrto)(ri@ﬁnga%é S

i ncreased as nmuch as possible while inhibiting a
supgiceE,ingt henledyy, eftfeecbidvékypdéssitpat iltgnheatleft ide

heater. The 25 el ectronic devices include a conputer,
thenshx epiebhey atabde ShBPEBOOR difgithel vabsktemncd)lsaa
by(': apr}:%rv?.’diggd{:ﬁg lsal}/pp%%ﬁglgt Ilillgxhbgrn, afuodrl %xample, so as to
cover the bore section and seal the housing, air in the
housing 72 is prevented from leaking out from the bore
section when the vibrator is wvibrated,

An electronic device according to the present invention
includes at least one heater; at least one vibrator; a
plurality of ejecting sections adapted for ejecting gas in a
form of a pulsating flow such that vibration of the vibrator
allows sound waves respectively generated upon ejection of
the gas to weaken each other; and control means for
controlling the frequency of the vibration of the vibrator.

According to the present invention, by optimizing the
frequency of the vibrator, the ejection quantity of gas is
increased as much as possible while inhibiting a noise,

thereby effectively dissipating heat of the heater. The

electronic devices include a computer, a PDA (personal
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- view of a gas ejector according 25t

device, and other electric appliances. A gas ejecting
nmet hod according to the present invention includes
the steps of ejecting gas in a formof a 5 pulsating
flow such that vibration of at |east one vibrator
al l ows sound waves respectively generated upon
ej ection of the gas to weaken each other; and
controlling the frequency of the vibration of the
vi brator. According to the present invention, by
optim zing the 10 frequeneyléf-the vibrator, the
ejection quantity of gas is increased as nmuch as sgspo309
possi bl e while inhibiting a noise, thereby
gfipetal vadsi sdiamsiepat b ngathent, of qibBp1ieal S arASs, an audio
descri bed above, according to the present invention,
RE¥tcfemdrhrdletr ehrat heatampliisnetect i vel y di ssi pat ed
whi | 15 inhibjting a noise as | ow as possible. Brief
Desc?lr FEPofIBFE e B AWchgscriging tios theperspenti ve
' f ; Lector according., to one enmhodi nent of
tyﬁgg\fb?leosrgﬁtg‘%uiﬁ%ﬁt %%%.S%SFP& d3erCing Gas fonal Lorevpt a
hlsdeigagiele shawn, ;i i Fig._3.is a
gerspeég?ve vigafﬁf an eiﬁﬁﬁ?%g%d%%f%fqegﬁgsPﬁgtY+Qfat0r

hk%ﬂwaﬁbd&ndlﬁhﬁé&Kkéﬁpédﬂivhh§egeﬁgﬁhté% h%oﬂ éf&é%fgﬁﬂof
o anot he

e ssnERt weh ke ee gorhe oaihke ri; needité¢atroillag SQ& P%ency
%% 5 i,s_an A-A |ine sectional view taken along |ine
L AReh g BREBEPR PiFitge Aibrator.

According to the present invention, by optimizing the
frequency of the vibrator, the ejection quantity of gas is
increased as much as possible while inhibiting a neise,
thereby effectively dissipating heat of the heater.

As described above, according to the present invention,
heat generated from a heater is effectively dissipated while

inhibiting a noise as low as possible.

Brief Description of the Drawings

Fig. 1 is a perspective view of a gas ejector according
to one embodiment of the Present invention.

Fig. 2 i§ a sectional view of the gas ejector shown in
Fig. 1.

Fig. 3 is a perspective view of an example case of
dissipating heat of an IC chip or the like.

Fig. 4 is a sectional view of a gas ejector according

to another embodiment of the present invention.
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Fig. 6 is a plan view of the gas ejector having
greater nunbers of nozzles and than those shown in
Fig. 4 and a heat sink. Fig. 7 is a sectional view of
a gas ejector according to another enbodi nent of the
present invention. Figs. 8A and 8B illustrate neasured
results of sound waves emtted fromrespective
nozzl es of the gas ejector 10 shown in Fig. 1. Figs.
9A and 9B illustrate nmeasured results of sound waves
emtted fromrespective nozz es of the gas ejector
shown in Fig. 4. Fig. 10 is a graph illustrating saspo309
human audi bl e 15 characteristic. Fig. 11 illustrates

an npke; ac i har i G, s u

AV EAg L Re. Tonsel § daonanr T entenay t orar 2 430

AFh gindliZaitkdushr af¢s an exanpl e acoustic characteristic
20 of a | oudspeaker having the | owest resonant
fredigncy 1O ofpla20Fikw. oFi the Ihs sjactabl kaving greater
illustrating the relationship between an eval uation

NSRS £idReEZEeT tHAridea thenershemfin Jig. S5amg ¢ hpet

Sg@ga graph illustrating the relationship - 16
'P0309 between the eval uation value and the flow

rat%iat ?jfgtéﬁgéﬂ%ibnal view of a gas ejector according

to another embodiment of the present invention.

Figs. 8A and 8B illustrate measured results of sound
waves emitted from respective nozzles of the gas ejector
shown in Fig. 1.

Figs. 9A and 9B illustrate measured results of sound
waves emitted from respective nozzles of the gas ejector
shown in Fig.'4.

Fig. 10 is a graph illustrating a human audible
characteristic.

Fig. 11 illustrates an example acoustic characteristic
of a loudspeaker having the lowest resonant frequency £0 of
110 Hz.

Fig. 12 illustrates an example acoustic characteristic
of a loudspeaker having the lowest resonant frequency f0 of
200 Hz.

Fig. 13 is a table illustrating the relationship
between an evaluation value and so forth and a flow rate of
gas. |

Fig. 14 is a graph illustrating the relationship
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Fig. 15 illustrates characteristics of noise |evel vs.
heat resistance. 5 Fig. 16 is a sectional view of a
gas ejector according to another enbodi nent of the
present invention. Fig. 17 is a sectional view of a
nodi fication of the gas ejector shown in Fig. 16. 10
Best Mode for Carrying Qut the Invention Enbodi nents
of the present invention will be described wth
reference to the drawings. Fig. 1 is a perspective
view of a gas ejector accorging to one enbodi nent of
the present invention. Fig. 2 is a 15 sectional WeEwos3po
of the gas ejector. A gas ejector 1 includes a single
i . ' a i ‘ d
B R R R RS
ghartitioned into two chanbers 22a and 22b by the
vi brator 25. The chanbers 22a and 22b 20 contain air,
f or Eyganmpbeil Thet fraisi nfya22chasi plibaloft nesseoflevel vs.
openi ng sections 22c and 22d forned therein so as to
hegt oS iHHé@neRanber s 22a and 22b partitioned as
des .ibegﬁabove to .resgectivel conmuni.cate with the
2

out si'dle the? HUUEINGa227 1Y 1Pt 1t F3CasdECtR HifEr Ly

f i.ng. ' 22 5, 22d th
B T i o T N L TR

sectrigns 122¢s (22ctTBYalheviedi §18! £.mcHS 1 PRENGANGE the
sections 22c and 22d respectively have nozzles 23 and

g24 «fjspesedhotheleifig.cagabl e of ejecting air
contai ned in the chanbers
Best Mode for Carrying Out the Invention

Embodiments of the present invention will be described
with reference to the drawings.

Fig. 1 is a perspective view of a gas ejector according
to one embodiment of the present invention. Fig. 2 is a
sectional view of the gas ejector.

A gas ejector 1 includes a single housing 22. The
housing 22 has a vibrator 25 arranged therein, and the
inside of the housing 22 is partitioned into two chambers
22a and 22b by the vibrator 25. The chambers 22a and 22b
contain air, for example. The housing 22 has pluralities of
opening sections 22¢ and 22d formed therein so as to allow
the chambers 22a and 22b partitioned as described above to
fespectively communicate with the outside of the housing 22.
In this case, the numbers of the opening sectioné 22c and

22d are the same as each other. The number of the opening
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22a. and 22b. The nozzles 23 and so forth are not

al ways 5 necessary, and form ng only the opening

sections 22c and so forth may be sufficient. The

vi brator 25 includes a di aphragm 27, and the

di aphragm 27 i s conposed of, e.g., a flexible

filmlike substance such as a PET (pol yethyl ene
terephthalate) film 10 The vibrator 25 has a

structure of, e.g., a |loudspeaker and is conposed of

a coil, a magnet, and so forth «(not shown). The

vibrator 25 is controlled by a control section 20.siBm309

control section 20 includes, for exanple, a power
sapplyns daccuredf anappp ¥ g nglsi NuBQ Q%JenalnbeEQ@Eiéﬁ?s
vgltage on the 15 coil of the vibrator 25, a contro
EFF cifid 4%6r resRerpl Te g havewavetbesn 0f aridbrat Hospefed

E%gryibrator iS,“gnd_so,forth. The control circuit is
adapt el GP2BORt PoITierFingspési apntained el thgechimissss
29, am isbyde t oltage_tq be lied on the
vi%ratoFZ%S, gﬂ%r$§%%%fsf?gqﬂgac§? %gg?hérPiRgF bt

Dot NG y22ah8 £OMPORE AL, EhQié%%ﬁ&dH %Egtigggtfggﬁggigo

e.g., a netal such as alum numor a“plastic, an

feothamgyl ae paf@ildieiepi ped shape. The housing 22 used
here includes, for exanple, openings conposed of the
sameThfatEryatioradd havindes he sSiampkrabape?, 2mdithe
(g@;ration of the gas ejector 1 having the structure -
PhEGERCROS S CHRSERFhEE above Wi IAleébiestiibed ke

Mrahle S0 o BERL LA O ELYES L helbb ety
THebkabeathe H %%@rgggngCture of, e.g., a loudspeaker and
is composed of a coil, a magnet, and so forth (not shown).
The vibrator 25 is controlled by a control section 20. The
control section 20 includes, for example, a power supply
circuit for applying a sinusoidal alternative voltage on the
coil of the vibrator 25, a control circuit for controlling a
waveform of vibration of the vibrator 25, and so forth. The
control circuit is adapted for controlling, especially, a
voltage, i.e., an amplitude of the voltage to be applied on
the vibrator 25, a driving frequency, or the like.

The housing 22 is composed of a highly rigid substance,
€.9., a metal such as aluminum or a plastic, and has a
rectangular parallelepiped shape. The housing 22 used here
includes, for example, ocpenings composed of the same

material and having the same shape.

An operation of the gas ejector 1 having the structure
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the pressure of each of the chanbers 22a and 22b

i ncreases 5 and decreases alternately. Base on this,
flows of air are generated through the opening
sections 22c and 22d. The flows of air are generated
such that, through the nozzles 23 and 24, the air
flows alternatively fromthe inside to the outside
and fromthe outside to the inside of the housing 22.
10 The air ejected fromthe nozzles 23 and so forth
forms a synthetic jet flowsg The term"a synthetic jet
flow' neans "a jet flow generated such that, singgpro309
ejection of air through the nozzles 23 and so forth
abCHuEER R PLBIIU! F11 ARG JDEEHECT AL Aldhe 4R :8LPUNC
the ejected air is drawn 15 1n the e ecting air. In
sethesn W d-iveBetrf eciiechtaid 28nde i grafawichihbe
ejected air are synthesized into a jet flow. Since
fagauénciejsechedtpns antorimadflyavput siad i ttge fdiewhtraghhz7,
outsi des of the chanbers 22a and 22b as descri bed
taﬁo%eswe slfoﬁﬁﬁlg hethy sbeslens r2dhtanchdabeiseseries

B3 ity 5%?3%%%%&61 A aaltPﬁZ' SR at i Ao BrattbriE
S-S APIEROLE 7,81 LST Rk oLy GP0St 25 Jouad naves,

t hrough t sound waves

£ &P agalsg ri arteh@e@éfatesl @%@ht beat sf@&%g@lﬂ%\%onégﬂ& 23
of the chanbers 22a and 22b, the shapes 25 of the

appetd ,ngheeet rofisoR? calard nd2dye andf tdie tShapesiaadtsoche
19 SO5PCB8Q09 forth of the nozzles 23 and 24 are
oyt tinde Fyomatlee tL sislgndoatheabts isteherf, thRehgowiny 22.
fromthe nozzles 23 and 24 have the

gner at e
TH o RASJEF b SERAMF GOREASANES 2nd S0 forth forms s

synthetic jet flow. The term "a synthetic jet flow" means
"a jet flow generated such that, since ejection of air
through the nozzles 23 and so forth reduces a pressure
around the ejected air, gas around the ejected air is drawn
in the ejecting air. 1In other words, the ejected air and
air around the ejected air are synthesized into a jet flow.
Since air is ejected in a form of a pulsating flow to the
outsides of the chambers 22a and 22b as described above, by
blowing the ejected air onto heaters such as an IC chip and
a heat sink, heat thereof is effectively dissipated.

At the same time, vibration ofrthe diaphragm 27
alternately generates sound waves through the nozzles 23 and
24, and the sound waves propagate in the air. Since the
shapes and so forth of the chambers 22a and 22b, the shapes

of the opening sections 22c¢ and 22d, and the shapes and so
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mutual |y reversed phases. Accordingly, the sound waves
5 respectively generated through the nozzles 23 and 24
are deadened out each other, resulting in inhibiting
a noi se. A spacing d between the nozzles 23 and 24 is
preferably set so as to satisfy the expression: d <
X2 (where, Xis a wavelength of a generated sound
wave). When this expression 10 is satisfied, the sound
waves generated through the nozzles 23 and so forth
have no parts whose maxi mumeanpl i tudes strengthen
each other, thereby inhibiting generation of a ng:=$sg9
as little as possible. Fig. 3 is a perspective VIGM/O?

BRPETS SRE,8] 39 AP SiPa e, ey gl LD

or theI

s&hd HQLdchH REA¥Edethd N LRat @stres%éﬁhraecega £rémhed
spreader (or a heat transporter serving as a heat

npipeds BB, aadd 2t hpatheathes paeadeivoiofns A cplcHr athéy arf
heat sinks 52 fixed thereto. The gas ejector 1 is 20

mEFiHinged syesRedhahagres, @cgordinohy t Hhenozahdsw@d and
24 is , ejected towards the heat sinks 52. Heat

%Se‘??e‘%tét"é%&w PERPERAEd éha%lghséh? sn%iﬁ]eeéd 28y apfle24 1
d 1 t f ks 52.. Wth
LR L R AR AR AL SN O TR R
heat 2Basi Ak Sd et fe@sULhE nxgoiﬂefsorz@ %Qda?& efm%’%{raetf‘é&%bly

boundary | ayer. -20 SO05P0309 Hence,

s@enes alsedof EQD1L$ he Yz 2kpsed3diand c24< W/bh (wMbBE At Ay &
of, e.g., the vibrator 25 is blown towards the heat

vaiallenadsd o6 asgtweimtedk sbhedt eaper at Whenbobhsasypression
1;z§g?§§f1ed the sound waves generated through the nozzles
23 and so forth have no parts whose maximum amplitudes
strengthen each other, thereby inhibiting geheration of a
noise as little as possible.

Fig. 3 is a perspective view of an example case of
dissipating heat of an IC chip or the like with the aid of
the gas ejector 1. BAn IC chip 50 is provided in contact
with, e.g., a heat spreader (or a heat transporter serving
as a heat pipe) 51, and the heat spreader 51 has a plurality
of heat sinks 52 fixed thereto. The gas ejector 1 is
arranged such that gas, e.g., from the nozzles 23 and 24 is
ejected towards the heat sinks 52.

Heat generated from the IC chip 50 is spread by the
heat spreader 51 and transferred to the heat sinks 52. With

this, hot air stays in the vicinity of each of the heat

sinks 52, resulting in forming a temperature boundary layer.




10

15

20

25

thereby effectively dissipating heat of the IC. 5
Figs. 4 and 5 are sectional views of a gas ejector
accordi ng to anot her enbodi nent of the present
invention. Fig. 5is an A-A line sectional viewtaken
along Iine A-A indicated in Fig. 4, and Fig. 4 is a
B-B line sectional view taken along line B-B
indicated in Fig. 5. A gas ejector 61 10 has a
structure in which a housing 68 has chanbers 62a and
62b provided therein. The_chymnbers 62a and 62b are
formed by the housing 68 and a wall 69 provided dgypgzgg
t he housing 68. The chanbers 62a and 62b respectively
Vj b_aryanged therein. h of

B Tt P B A PR Hh8 R A 25 P P
vibadt 0dn WFG ¥l atode 2aathherbi ke @swrshewarhs figs.

1 and 2, for exanple. The housing 68 has nozzles 63a
haad £3tksd B2cemmasi cati@akwichd tlepseapact bvandbhgi Desers,
of the chanbers 62a and 62b provided therein, thereby
therew i factivel beddisseldigedhees petttiheelT¢ .f rom t he 20

chanqer s gZa nd 62b. The vibrators 65a and 65b are
provitded S0*%E ¥ GHFeSFEELPIRT YW e R fopefirhiR) BHPTand
b_..provided in the .l 69. Vihrating air.in the
B A S ST
ridie 91022h8 83811 SR MLRERT NGy &l dkdnD all BRG CIATDE_ A
62b with the vibrator 65a 25 discharges air fromthe
impizzded63h. FIfe 4 kirat otig.6%aiangd B-21 i nSOSPEBOON LB/ 1ew
are connected to a control section (not shown) the
talare algngt héne dth dinddeetiedni2OFshovin i A Eieg. ePeainsk 61
controlled so as to vibrate, for exanple, in a
h%ﬁnq“ﬁqryCnggr%ﬁe%ﬂ%ﬁﬁeg housing 68 has chambers 62a and

62b provided therein. The chambers 62a and 62b are formed
by the housing 68 and a wall 69 provided in the housing 68.
The chambers 62a and 62b respectively have vibrators 65a and
65b arranged therein. Each of the vibrators 65a and 65b has
the same structure as that of the vibrator 25 or the like as
shown in Figs. 1 and 2, for example. The housing 68 has
nozzles 63a and 63b in communication with the respective
insides of the chambers 62a and 62b provided therein,

thereby allowing air to be discharged respectively from the

.chambers 62a and 62b. The vibrators 65a and 65b are

provided so as to respectively block openings 66a and 66b
provided in the wall 69. Vibrating air in the chamber 62a
with the vibrator 65b discharges air from the nozzle 63a.

Also, vibrating air in the chamber 62b with the vibrator 65a

. discharges air from the nozzle 63b. The vibrators 65a and
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with the sane anplitude as each other. 5 Since the
vi brators 65a and 65b are arranged so as to have the
same vibrating direction R as each other and face in
nmut ual |y opposite directions as described above, even
when the vibrators have an asymmetric shape as that of
a | oudspeaker, the overall symetry can be kept.
Accordingly, 10 the wavefornms of sound waves
respectively generated fromthe nozzles 63a and 63b
can be nade the sane as each other to the utnpst,
thereby inproving a quietness property. Wile theg@assgg
ej ector 61 according to the present enbodi nment :
£NC i t.or ifqa en n er 5
6%/}? b%%%%ghgggg%%giage%nttrﬁé g%gﬁl vva@les Islhggf/\l}lsiéhe same
ayegkerropdebl 9¢d€ion 00 snBwhSid PIAN Via@W ebnths1 0as so
ej ector 61 having greater nunbers of the nozzles 63a
aanb 68brehan fhosexasipdwn ihnaFngtuad 1Iandeacheat plsa 1k,
31l. The gas ejector 61 is 20 arranged relative to the
Whentthe grRug128REH YdfatasegeRhofthdie nozzl es 63a (63b)
faces_an air passing section 32a of, e.g., each of
{1 noRBADErES dATGRERE Raatand rﬁzébsf.revwﬁa%?%,sq e to
[ ' ffectively.utilized, thereb
nfEerd Bend SR RC S E ST 0 o 1 Bty SEBRY gt s
i@ nRRGhI1OPAbpNb LW D313 88 o R €54 We RGIBEHI Bove 2%ven
SO5PCB09 t o anot her enbodi ment of the present
wheaw ehiel ohbr# @asS hadjee@hOks ¢m&OCiy Ghaget st Rapresent
enbodi nent includes a plate-like vibrator 45 instead
lotdspieaker brithorovzgadfl shmmghsy can be kept. Accordingly,

the waveforms of sound waves respectively generated from the
nozzles 63a and 63b can be made the same as each other to
the utmost, thereby improving a quietness property.

While the gas ejector 61 according to the present
embodiment includes two vibrators, if an even number of
vibrators are provided, the sound waves likewise weaken each
other.

Fig. 6 is a plan view of the gas ejector 61 having
greater numbers of the nozzles 63a and 63b than those shown
in Fig. 4 and a heat sink 31. The gas ejector 61 is
arranged relative to the heat sink 31 such that each of the
nozzles 63a (63b) faces an air passing section 32a of, e.g.,
each of fin members 32 of the heat sink 31. With this, the
heat sink 31 is effectively utilized, thereby improving a
heat-dissipation efficiency.

Fig. 7 is a sectional view of a gas ejector according
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ejector 1 shown in Fig. 2. The vibrator 45 is
configured by 5 bonding a flat coil (not shown) onto,
e.g., aresin-nade film Wen a control section 40
applies an alternative voltage on the coil, the

vi brator vibrates up and down in the figure by nmaking
use of a magnetic field of a magnet (not shown)
arranged, for exanple, in the housing 22. By 10
providing the plate-like vibrator 45 as descri bed

above, a symetric structuse ds achieved by the

chanmber 22a side and chanber 22b side, thereby gpsppzoo
reducing a noise and the like as little as possible.
télgﬂ té%%d%%& ﬁkeg£%%§e%ﬂe@%ntaggvé&tggﬁorgyngsto

15 the corresponglng enbodi'mENt s can feduce a ndrge
ewbtter £f fRedraehy €bssidarRanheatbodifedteateiuass a
descri bed above, conpletely deadening a generated
pdatadlile diiftfriatokt 45 Thestdael b@wthgsvaseatdsad o8sthdagas
reasons for this. 1) Noises generated on the front and
epearosi dedoom tReFi20 34 biTarorihaweot uhddmeoalfigured by
conponents having nutually  different anplitudes. 2)
bRAT L B SPafRAL oM IF G ORRE: r B o IGE SONTHEE

Ly S Al PSETE e apanenl s, g

ase rom grees:

veeRefated tor thelf rend ﬁ%ﬁ%a&%?rv§$£ﬁ%béﬁuﬁ|$Edfd3§n in

SO5PC309 vi brat or have harnoni c conponents (distorted
tconpionart oy mhavhqousaitdflal waghét B¢ effelamplfi buslggned)

Noi ses generated on the front and rear sides of the
(not shown)} arranged, for example, in the housing 22. By
providing the plate-like vibrator 45 as described above, a
symmetric structure 1s achieved by the chamber 22a side and
chamber 22b side, thereby reducing a noise and the like as
little as possible.

Although the gas ejectors 1, 61, and 41 according to
the corresponding embodiments can reduce a noise while
effectively dissipating heat of a heater as described above,
completely deadening a generated sound is difficult. The
followings are listed as the reasons for this.

1) Noises generated on the front and rear sides of the
vibrator have fundamental components having mutually
different amplitudes,

2) Noises generated on the front and rear sides of the
vibrator have fundamental components mutually out of phase

shifted from 180 degrees.

* 3) Noises generated on the front and rear sides of the
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vi brat or have harnoni c conponents nmutually out of
phase 5 shifted from 180 degrees. For exanple, in the
gas ejector 1 shown in Figs. 1 and 2, the front
surface of the vibrator 25 faces the chanber 22b, and
a frane on the rear side (close to an actuator) of
the vibrator 25 faces the chanber 22a. In general,
since a 10 sound pressure on the rear of the vibrator
25 having a | oudspeaker shape is not taken into
account so nuch, and the _ fyfane sonetimes has a noise
insul ating effect, the sound pressure on rear Si doS09
| ower than that on the front side. |In other words,
t es of, the 15
u%%%%gﬁ%g% &ggggﬁonc¥hgopron g 15?%%%“%¢888°%?%F5

hgenes aldona1dif bef aitedfd Qmp-eaelqet her, resulting in
remal ning of a noise. Fig. BAillustrates nmeasured

r esdl)t Sodfes ogurtk nadees o Nt hé efrorft AMde@ehr NOZA £ AB the
and each nozzle 24 on the basis of this structure,
V%/\Wérfé?rn hee hppeenishdonenerngs aphsud Jwsutabé pies<20
ed re ﬁb of the sound waves respectively
&roﬁri é%% H95wer nozzle 24 and each upper

I 2 h ' micﬂesthatt
ggﬁﬁ‘%ma%%% BM?t %P?oﬁ§?h%%5 gﬁwﬂa%ndﬁéF%a and
2 Argd E&@%ttBéﬁfiégﬂofe%hkt€gb££E%Qt fa%%ézkﬁaaﬁ%s i

8B illustrates a synt hesi zed soun
24w,0mankd g. £8Bne aomaihge rakrt B@dére@lﬁéc)to%ntg@tua%) of

SO5PQB09 fundanental wave renains. \Wien the gas
thy egbgeatet %ho@WﬁdawtﬁbgshambeuKRZhi s Inepgpheyael, simeea

a single front surface and a single rear
sound pressure on the rear of the vibrator 25 having a
loudspeaker shape is not taken into account so much, and the
frame sometimes has a noise insulating effect, the sound
pressure on rear side is lower than that on the front side.
In other words, with this structure, the amplitudes of the
fundamental waves on the front and rear sides are generally
different from each other, resulting in remaining of a noise.
Fig. BA illustrates measured results of sound waves emitted
from each nozzle 23 and each nozzle 24 on the basis of this
structure, wherein the upper and lower graphs iilustrate the
measured results of the sound waves respectively emitted
from each lower nozzle 24 and each upper nozzle 23 shown Fig.
i. Fig. 8A indicates that the sound wave emitted from the
nozzle 24 has a greater amplitude than that emitted from the

nozzle 23. Fig. 8B illustrates a synthesized sound of them.

As seen from Fig. 8B, a noise at the frequency of the
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surface of the |oudspeaker face each chanber, the
anplitudes 5 of the fundanental waves emtted through
each nozzle 63a and each nozzle 63b disposed in the
corresponding two chanbers 62a and 62b are nearly
equal to each other. In this case, while the
fundanmental waves are deadened to a certain extent,
deadeni ng the harnoni c conponents is insufficient.

Fig. 9A 10 illustrates neasured results of sound waves
emtted through each nozzlg 63a and each nozzle 63b,

and Fig. 9B illustrates a synthesized sound of thamgsgg
As seen fromFig. 9B, while the magnification of the

fﬁ98£$ § 0, h§e£é£%ge is smaller than that shown in
1 0. , the harnmoni'c conponents, i.e., 15 the second

and ke khahgss Naydmni.C WaygsyOf 1 ftqgfsunqagrﬁgt@'is wave
shown in Fig. 9Aremain. This Is dueto the fact that
emsboydd,a sphueabi §yn@le Wddhat eLSEEAISAR LhElLhgle rear
individual differences to prevent the anplitudes and
swhbses oof thar howdspeakereSacni eaell ¢Hamdegh the moplkitesies
%ron1respective|y being 20 made the sane as each
ot He . fUuRIpPeR kb o Gt A aBi @ Fhoeash| pPagLEe hede and
r.,obl e LS, such that .a yibrator has a structure as
Ehidite 5 ‘Eﬂoss%?ﬁoﬁ%}naté?na?lér%ﬁ%%e}p FEouSRgTs
jpl re.a bet h.si de f
e IE 8P R OSDP ST ST A IR ool
wEDLE ttRleNE AR fen h 106ARBShPE dexfencd02BOB08etbLin extent,

fundanental frequency as |ow as possible. Fig. 10 is a
degdgrtingl thsthatmarg @ dompaneatsi id e nstlfddadcepti stiny. 9A

The graph is an equal |oudness curve (with
illustrates measured results of sound waves emitted through
each nozzle 63a and each nozzle 63b, and Fig. 9B illustrates
a synthesized sound of them. As seen from Fig. 9B, while
the magnification of the amplitude in the figure is smaller
than that shown in Fig. 8B, the harmonic components, i.e.,
the second and the higher harmonic waves of the fundamental
wave shown in Fig. 9A remain. This is due to the fact that
use of a plurality of vibrators causes their individual
differences to prevent the amplitudes and phases of harmonic
waves emitted through the nozzles from respectively being
made the same as each other.

A presumable countermeasure for solving these problems

is such that a vibrator has a structure as symmetric as
possible, a single vibrator is used if possible, and

chambers are arranged on both sides of the vibrator. 1In

addition, a further effective countermeasure is decreasing
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an A-wei ghted characteristic) stipulated in JI'S
standard, 5 illustrating that, when exposed to the
same sound level in a frequency range from20 (Hz) to
20 (kHz), the sound can be heard to what magnitude of
the sound level. That is, the graph illustrates that,
wth reference to a sound wave at 1 (kHz), a sound at
each frequency can be heard to what 10 magnitude of
the sound level. As seen fromthe figure, even wth
the same sound pressure, a.spund at 50 (Hz) is heard
weaker by 30 (dB) than that at 1 (kHz). A sound ¢p5pg309
pressure Lp (dB) is defined by the follow ng
tﬁé(pflﬁdsd% ﬁtg]]:) fre uenc:zo asgggﬁg%g a%%ss\ia\lﬁ}) ein p and po

resen a Sound pressure ef erence sound

IOf e%’t_’dg&f e1620s gfag)naﬂhe%l%éti’ﬂ%g Wibauh degleasing a

frequency as low as 20 Hz, as long as the frequency
chsradtesestac20 e @ra30uUnd ah &peaf reAueRey chase &with

sufficiently low audibility and its noise level with
ap(h-aeiahkedghbeteclrarizttiel | stipulatdchgnadisuntandeerd,

audi bl e characteristic is | ow Also, decreasing the
lJerLbsdifé‘ﬁ&Vgththé”ff%&éﬁ’éﬁ?ﬁl tQuake é@@@nﬁaﬁpésle"ﬂ in a

d the_f
FREITEY RAPHBNT ohor oad7hr B ok 1 DGt t 478 %s&’r?%iwoe
héan‘_‘%i audihhe GhGEAGIRS b3 khe aSod QY BRed pgﬁét OLE; o
Si nce decreasinhg the frequency entail ucli ng -

g SPAB09st her €F egtdgn Wﬂﬁﬁ”l’éf&réﬁcéaﬁa far @Hhﬁ@ewave at 1
nozzles, sinply decreasing the frequency is not

(létrdugh. S$hedeapeeaahemmeqoaduytmﬂh.mﬁ thlkeerpr esewliat
inventors et al.

magnitude of the sound level. As seen from the figure, even

with the same sound pressure, a sound at 50 (Hz) is heard

weaker by 30 (dB) than that at 1 (kHz). A sound pressure Lp

(dB) is defined by the following expression (1):

Lp = 20log(p/p0) (1),
wherein p and p0 represent a sound pressure (Pa) and a
reference sound pressure (20 pPa), respectively.

Without decreasing a frequency as low as 20 Hz, as long
as the frequency is close to 20 Hz, a sound at the frequency
has a sufficiently low audibility and its noise level with
an A-weighted characteristic taking account the audible
characteristic is low. Also, decreasing the frequency of
the fundamental wave accompanies decreasing the freguencies
of the harmonic waves, whereby harmonic noises are shifted

to a portion of the audible characteristic as low as

possible. Since decreasing the frequency entails reducing
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confirnms the fact that a satisfactory sound-deadeni ng
effect. 5 is obtained by the fundanental wave at about
30Hz. As shown in Fig. 10, under the sanme sound
pressure, if the frequency drops from200 (Hz) to 100
(Hz), the noise | evel decreases by about 10 (dBA),
and, if the frequency drops from 100 to 30 Hz, the
noi se |l evel additionally decreases by about 20 10
(dBA) fromthat at 100 Hz. From the viewpoint of a
sound at a single frequency,g While driving the
vibrator at a | ow frequency decreases the noise sgspgzgg
| evel, the low driving frequency decreases the nunber

ci.procation. of the vihbrator, accordingly.as
e SRR BBty dudad PRENTRr TR SRty of
d88Se £ 8 efle EREQUALY NG ABZZLA udM. View of this,
enpl oyment of a “vibrator offering a satisfactory
anplihieudept simeedednduatet Ber t v idsschaki AgedeURE: al.
the characteristic of a vibrator such as a
copiiggpedher fagt sthald preesdafechory esqund-wetdhn ghere 2G:ct

.than 200 Hz such as 30 (Hz) or 100 (Hz) rnust be
1DMHaEEd PR fRe fundamenteli revetatata dtadpiie. adbustin

. characteristi.cs of |oudspeakers having the | owest

1f QD PPAGRC GeMFo S rng 167 1104 Sand Lo60°  Fpgamency

dfcﬁ%o%to&nygbﬁ- (HDE £5q4Rd (EE?Ssyﬁg A8VRl S 3L1 decreases
frequenci es higher than the 25 respective [ owest

by esonantLof regaepncdRs L@ ane bﬁéclffhé}bﬂﬂtdrggs'fggm 100 to
SO5PC309 (dB). However, in the frequency ranges | ower
3@ Hen tthe npéspebdveale aldduesbnakbpnbrtrdasegubncagsut @0
at the sanme frequency, the speaker having the | ower
(JRvedromesbaamt 100 Hz.

From the viewpoint of a sound at a single frequency,
while driving the vibrator at a low frequency decreases the
noise level, the low driving frequency decreases the number
of reciprocation of the vibrator accordingly as described
above, resulting in a reduced quantity of gas ejected
through the nozzle. In view of this, employment of a
vibrator offering a satisfactory amplitude is needed. In
othgr words, taking account the characteristic of a wvibrator
such as a loudspeaker, a sound pressure at, e.g., not higher
than 200 Hz such as 30 (Hz) or 100 (Hz) must be obtained.

Figs. 11 and 12 illustrate example acoustic
characteristics of loudspeakers having the lowest resonant
frequencies f0 of 110 (Hz) and 200 (Hz), respectively. The
sound pressure levels at frequencies higher than the

respective lowest resonant frequencies f0 are both about 90
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frequencies fO has a higher sound pressure than that
having 5 the higher |owest resonant frequencies fO.
Focusing on the sound pressures, e.g., at 50 (Hz),
whil e the sound pressure of the | oudspeaker having

t he resonant frequency fO of 110 (Hz) is 70 (dB), the
sound pressure of the | oudspeaker having the resonant
frequency fO of 200 (Hz) is about 62 10 (dB). This is
because each sound pressure has an anplification
characteristic of 40 (dB/dc);in a frequency range
lower than fO0. That is, presum ng that the |oudspaakeigg
has a characteristic equivalent to the driving

ra i.stic.of 5 i brator 25 or .the_li
(S8R PR, 18 ond Rl BB Plem aFel' Ko

rBepsat Ord halebherd obsReakaueRayifded he ¢« ewer sLouest
resonant frequencies fO has 'a higher 'sound pressure

fatqeenaw fthequpasyer Adiigherhsolodk PriRS&SEHe reE888ht S
in a greater ejection quantity or flowrate of gas 20
fre@irnrimsz ZPehagce dridiheyl yountl pages beresdibdnt hhetthaving

| onest resonant frequency fO of the

| ower thi §
the \tlﬁ]athﬁr FRUFRLI TP randr itFeAY Rt e t hEOspaERg o the
ti.t he f| t ' I f
SRR sl el ot a0t N62) §5 B b ies Sgpng aptes Jare

of the 1¥udd3Bebkk) nWiidL thide Louests %@ehﬁéﬁB?”%o of 110

frequencies fOis preferably Iow and cl'ose to 30 -2s
(FBOPRAGBO9 ((HB), tihe HWer preBkucodnsitiaird 1bydtpeapsesent

inventers, et al. reveals the fact, with a
haolds fbak e sbavitnfdwenowe st of exbndiiz) f L eqakocy §20
(é%?%ﬂ T%gg ggt écéaggqegghvggugé ;ggé;jiz’has an
amplification characteristic of 40 (dB/dc) in a frequency
range lower than fO0.

That is, presuming that the loudspeaker has a
characteristic equivalent to the driving characteristic of
the vibrator 25 or the like according to each of the
foregoing embodiments, it can be said that the loudspeaker
having the lower lowest resonant frequencies f0 has a higher
sound pressure at a low frequency. A higher sound pressure
results in a greater ejection quantity or flow rate of gas
from a nozzle. Accordingly, it can be said that the lower
the lowest resonant frequency f0 of the vibrator including a
driving system, the ejection quantity or the flow rate of
gas in a low frequency range is increased. When the

vibrator is driven, e.g., at 30 (Hz), while the lowest

resonant frequencies f0 i1s preferably low and close to 30
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a sound pressure (e.g., an anplitude) of a necessary 5
vi brat or can be obtained. Accordingly, it is
sufficient to enploy a vibrator having the | owest
resonant frequency fO not higher than 200 Hz,
preferably not higher than 150 (Hz), and nore
preferably not higher than 100 (Hz) and drive it in a
frequency range 10 | ower than the correspondi ng | owest
resonant frequency f0. Factors for increasing the
ej ection quantities of gas 2®f-the gas ejectors 1, 41,
and 61 according to the respective enbodi ments af®po309
|isted below. 1) The area of the vibrator is large, 15
T ~ f 0 Th

B PR eney P TR L P B T B Pordlp o
alhera@bove fraet @ast, t‘hﬁmraea@ﬁasp@y@é& U=Srifly t8b. 18RV
concei ved an eval uati on val ue D given by D= Ax B x
r&sonrelr diregacdryvifgaawquedcyHof , tdeernvidiiatar at ako 2(Hz) ,

anplitude of the vibrator, and an area of the vibrator
a(??]unq RFreE§8Eeof € ad pf Lﬁrnawwléﬂdw rhatomseceskaryot al

th f t I ted by A (Hz),
VB bR TR o 15 15 o tabie i11uttrating
the »ckekathonphi . bel Ueep; Do Al 20, 8! 5 A5 0

ort OW rate o

hgvaf thlel mahéatl P d et f%%qu %;F’Cﬁp%cfte'hatghegsbﬁéh 200
bet ween t he eval uation value and the flow rate of

Hej qotefdrghdy hot thigheras@ani 15CaHbe pmesuoed phateddidy
flowrate is in groportion to the ejection quantity of

n%ﬁﬁplgher than 100 (Hz)} and drive it in a frequency range
lower than the corresponding lowest resonant frequency fO0.

Faétors for increasing the ejection quantities of gas
of the gas ejectors 1, 41, and 61 according to the
respective embodiments are listed below:

1) The area of the vibrator is large,

2) The amplitude of the vibrator is large, and

3} The driving frequency of the vibrator is high.

In view of the above factors, the present inventors et

~el. have conceived an evaluation value D given by D = A x B

x C, wherein a driving frequency of the vibrator, an
amplitude of the vibrator, and an area of the wvibrator (in
the case of a plurality of vibrators, the total area
thereof) are respectively represented by A (Hz), B (mm),
and C (mm?). Fig. 13 is a table illustrating the
relationship between an evaluation wvalue and so forth and a

flow rate of gas. Also, Fig. 14 is a graph illustrating the
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(a noving quantity of gas per unit tinme). 5 The gas
ej ector as shown in Fig. 1 or 4, including 32 pieces
of nozzles, each having an internal dianmeter of 3 mm
is used for conducting the experinent. A comercially
avai |l abl e | oudspeaker is enployed as a vibrator, since
the | oudspeaker is nost avail able vibrator designed
to 10 reciprocate in the range from about 20 (Hz) to
200 (Hz). Figs. 13 and 14 indicate the tendency that
the greater the evaluatiomyalue D, the flow rate
i ncreases. \Wen a heat dissipation capacity is gg5pg309
eval uated by blowing air enmtted fromthe gas

t h as_.fescr a
i R e R T R LA e

othej bendd djsssi pahi oni £apae,t Yt AsnSES ré‘gu%hFltgat 114he
with respect to the evaluation value D, when it

fexeeeds 160,1000ropuBtis)n tiheheossesposdiqignthernat gas

resistance is about 1 (KW, and, also, when it
%%H@@HEJZEWQGGtEOQf(%%BE§F upRE ébm¢bspond|ng t her fal
resi_stance and fIOM/rg;e dr ops. bel ow 0. 7 (KI'W and

exce&ds 935 fl g§tor F@sﬁ 8WPvJe‘i‘yF19lhélr &By dpr UF i e sé
pYALLD 9081032 L RG0! O 2, Deal. 0 ASRLE e 5 o,

devi ce. or youf orrm |on

ideviae thavicBddact ef e 2% eméﬁ@nceh %&h@%elsbfy
(Kf'W is used for heat - 8 (809 di ssipation of

aailGHY lohaspe Rt \H\Ielm@lbyeéh@Méd W reens), deiesk the
that, since the specification of the heat d|SS|pat|on
leugdsmeakpTi &5 dBoet nivred alfépenibnaton desigeed to

reciprocate in the range from about 20 (Hz) to 200 (Hz).
Figs. 13 and 14 indicate the tendency that the greater the
evaluation value D, the flow rate increases.

When a heat dissipation capacity is evaluated by
blowing air emitted from the gas ejector, onto the heat sink
as described above, roughly speaking, the higher the flow
rate, the higher the heat dissipation capacity. As seen
from Fig. 14, with respect to the evaluation value D, when
it exceeds 100,000 (mm*/s), the corresponding thermal
resistance is about 1 (K/W), and, also, when it exceeds
200,000 (mm’/s), the corresponding therﬁal resistance and
flow rate drops below 0.7 (K/W) and exceeds 4 (m/s),
respectively, thereby proving these values to be
satisfactory for a heat dissipation device. For your
information, a heat dissipation device having a thermal

resistance smaller than 0.3 (K/W) is used for heat
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situation of an apparatus, it cannot be eval uated only
from5 the flowrate, the flow rate offers rough
determination information. According to e JIS
standard, the unit of thermal resistance is
"(nm2K)/ W, since the thermal resistance is defined as
"a val ue obtained by dividing a thermal 10 difference
bet ween two target surfaces by a thermal flux 1
(WnR)". The thermal flux is defined as "a quantity of
heat transferred per unit 3ea per unit tinme" (the
unit of a quantity of heat is "J"). In the presesysp0309
invention, while the unit of a thermal resistance is
daefipeth dy otKaW o agw )l desctpbed phpve.; andohhg Hoit
of an "area" for the foregoing two surfaces IS not
ceppsieiaedhathesimi¢ tHe Wpeofi fachbesmedt theshskance i s
al so generally used. In the present enbodinent, for
dagahptelonwsenagl fenperdateraisefif depeiindhenvweensa
Sgg&tl@iro an air surrotundi ng the heater is 20
repr esent’éd By a5 Y e e C2PReT sharfd@ lratedeRpt ¥ sheah

wa I of heat er., Fromt he,
t'lgér(egeor?f\%%ér {;fﬁ%%?l(%g rs%fltﬁt ﬁg%:&gsj et ‘%‘ SRESTRADRE 91 ow
ined@dieneases in accordance with an increase in a
di anmeter and an anplitude, can be formed. Especially,
t he A2Boedpmy itrent JIeveahsdihe, fand vhhat of anenie. 9.,
the diaphragm- 31 SO5PC309 27 shown in Fig. 2) of a
r¢ifdspesker, " e A" ans imge itthedehempt 1 soed i sdranicean s1

a higher flow rate and thus a higher heat

m allo : na
d%%&ﬁi ‘Q’% BapiciaFairedt Rg dhiptdingde fhermal

difference between two target surfaces by a thermal flux 1
(W/m’)". The thermal flux is defined as "a quantity of heat
transferred per unit area per unit time"™ (the unit of a
quantity of heat is "J"). 1In the present invention, while
the unit of a thermal resistance is defined by "K/W" as
described above, and the unit of an "area" for the foregoing
two surfaces is not considered, the unit "K/W" of a thermal
resistance is also generally used. In the present
embodiment, for example, when a temperature difference
between a heater and air surrounding the heater is
represented by At, a thermal resistance R is expressed by R
= At/a wattage value of the heater.

From the present experiment, a synthetic jet flow,
whose flow rate increases in accordance with an increase in
a diameter and an amplitude, can be formed. Especially, the

experiment reveals the fact that a cone {(e.g., the diaphragm
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smaller than 1 (mm, in order to achieve a desired gas
5 ejection quantity, the foregoing area C nust be nade
sizably large, whereby this configuration is

i nappropriate for a practical use. The larger the
anpl i tude exceeds than 1 nm the better, and the
anplitude is preferably 1 (m) to 3 (nmm) at the
driving frequency A not higher than 100 (Hz), and 10
ideally not smaller than 3 (nrm) at 30 (Hz). Al so,

t aki ng account the upper tiddit- of the size of the
vibrator, the anplitude is preferably not greaters@Gr0309
(mm). The preferable size of the vibrator is such

27 haitowrhei nareg . C2) i 6£ NOt1 Gicepbaket Nah iR PR GRPE) tudd

ot her words, its bore 15 dianmeter (dianmeter) is not
n@?e%@%ﬁieﬂhéhaBOG () .2 1Beesusehighdr tHewrescernseedsis a
70,000 (mmz), even when attenpted for being built in
LIRSS 81 SPARE biPPCaRARd tyas %Féé”teoranipéltpdﬁg@? in

b| fail [
Srﬁ%%%lg&?laﬁngr&mf] ] 5911:‘ nogr Fogg: A efvoer ap:dggtl-rrg& g%%e.

e?@cﬂ&hﬁﬁ #Qﬁt@ffa &d s tgogﬁﬁ‘n%? %slobgoﬁ%&%zsably

t he itude 1s set at ess on t
1ofgd, h@heﬁ:@bbomﬂg FOASRTathbnt Ne GRS MRSk et hesarea
Cis about 70,000 (mMm 2), and if the vibrator is
pn@Qﬂwﬂaéduae a Th@qhﬂnﬁy'tha ahel Miwienieteyeefls €hgn ,1 3m,
the anplitude exceeding 5 25 (nm) causes the
tl”\'ﬁ B%e&tt&r:tén%a%e amldsrde inepreierablynl $®15P03@93 (rom)

t §yld ng. | reat er _nechanjcal |oad, _and if th
A Bratsr v iPe €%%§%ﬁQﬁ¥ ﬁtnﬁta?ﬁﬁﬁﬁhgyaPn 10Ref @?EqrﬁQ%/
1dgal£90ngttgmaifgﬁ1fﬂgw bt%gﬁ)eéggﬁpu%%)s (nn) causes

the vibrator t
Also, taking account the upper limit of the size of the

vibratox, the amplitude is preferably not greater 5 (mm).
The preferable size of the vibrator is such that the area C
is not greater than 70,000 (mm®), in other words, its bore
diameter (diameter) is not greater than 300 (mm). Because,
if the area exceeds 70,000 (mm?), even when attempted for
being built in a desktop or laptop PC, the gas ejector is
larger in size and possibly fails in being built in, whereby
this arrangement is inappropriate for practical use.

When the area C is not greater than 70,000 (mm®), the
amplitude is set at 5 (mm) or less on the basis of the
following reasons. In the case where the area C is about
70,000 (mm®), and if the vibrator is vibrated at a frequency
in the vicinity of, e.g., 35 (Hz), the amplitude exceeding 5

{mm} causes the vibrator to have a greater inertia,
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greater inertia, resulting in a greater nechanica

| oad. 5 Through the present experinent, with a speaker
having a bore dianeter not snaller than 60 (mm (the
area C = 2827 (mmR)), data of a thermal resistance

not greater than 0.5 (K/'W is obtained. Presuned

that, if the area Cis about half the above val ue,

the thermal resistance is about double, 10 it is
sufficient that the area Cis 1,500 (mm®2) or greater.

If the area is smaller than32,500 (m®), in order to
obtain a desired gas ejection quantity, the fredqi@&RHs09
nmust be equal to 200 (Hz) or higher, resulting in an
repoteisedima@ gecaver méehanmolilt tdedpushd bhief ther vibrator
exanple, equal to 5 (nm or 15 greater, whereby this

igr VibtRiRchte @ ﬁﬁﬁﬁb?%ﬁﬁl%ﬂ:éhﬁoﬁlcbﬂth|Qﬁﬂlq@séHZln the
|y not snaller t han

hi s
oS s T B ool g e Sy BF AT O 4o G DS =
gEQ&@%E”iHbf%f%a gggltﬁﬁy n% g%egpgrQQﬁﬂ%%S%E9r§o&d

and 61 according to correspon

errquiximthtaé ﬁ%ﬁdt‘b%@p@?@ﬁi@nt arwll&prat rs?'elak@ﬂ hdvidly a
the driving frequency A and with the itude B, an

bef¢ etidmet cheabtdsssl pat ithRANPEOC ¢RE) caxrhdaeareac bi evwlz?
and a noi se can be reduced. Especially, a heat
(ﬁméévpﬁﬁF@nOEeW|Rh?ﬂméépreﬂl$tﬁnQﬁlnmtserEQVQr fom 0.5

E her than .25 30 (dBA) and a thernal resistance not
/Vg’he]rs RIAIHSF - (KrRfSUmess thahs pEB 0% #F e Cad Bi BRRL

hgiﬂ tHE5 bobgsg fﬁgs %ﬁg)e%e%&gfterlSt%éﬁ%éml%h é ?§6%P e,
noil se eve eat resistance; comparl
@Cfﬁfﬁﬁﬁilc1ent that the area C is 1,500 (mm®) or greater.
If the area is smaller than 1,500 (mm®), in order to obtain a
desired gas ejection quantity, the frequency must be equal
to 200 (Hz) or higher, resulting in an increased noise, or
the amplitude must be, for example, equal to 5 (mm) or
greatex, whereby this arrangement is inappropriate for
practical use. 1In this case, the area C is preferably not
smaller than 2,000 {mm?).
BY applying the vibrator having the foregoing area C to
any one of the gas ejectors 1, 41, and 61 according to the
corresponding embodiments as described above, and

controlling it at the driving frequency A and with the

amplitude B, an effective heat dissipation process can be

achieved and a noise can be reduced. Especially, a heat
dissipation device adapted for a noise level not higher than

30 (dBA) and a thermal resistance not higher than 0.7 (K/W)
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by a known fan including a rotating inpeller with the
other 5 achieved by the gas ejector according to any
one of the -enbodinents. The thermal resistance here
is defined as that between the heat sink serving as a
heater and air surrounding the heat sink. As seen
fromthis figure, the gas ejector according to any
one of enbodinents offers 10 better values of both a
thermal resistance and a noise level conpared to
those offered by the known-fag._In order to
mniaturize the gas ejector according to any one §65P0309
the present enbodi ments, enploynment of a vibrator
kavii Bg acisimldg bore di ameter is needed. However, as is
seen 15 fromthe foregoing idea of the evaluation
val uesia ﬂﬁaﬁﬂluﬁﬁiﬁﬁﬁéﬂtwosCHQEa@g@fggﬁﬁyéoﬁﬁthp?eﬁbect to
counterneasure for this, enploynent of a vibrator
aehfevieiela visar beatinpdd tatdemdes coRporRNded. oASCALRL Hgq
0 a technique of the present invention, with respect
b %nkrécm}’elfgﬁeW%]r%@%fa dsdatingoimee ker withudhagother

L be; ' a_thermal resistance not greater than
o.a?l ?a% ® 2980 S T Fe PCABF ARG He? atyamng0ot (dBA)

Shb S n{HBA). abp i tion 1l.maway .from.a sound source
are achi eved. ﬁ?g. %gkﬁsrggén%%ﬂ%% RAzsvisr dgfyaed as that
leg tocteor theChest Ngidi0 se29 8805 bey enadi t,. a

vi brator of a gas ejectoﬁ gl - 34 Sogkggggaééiording

T ahvedpnesene levaodiingnt , Abhge i at:@ml itk sVEDLAOr 145
shown in Fig. 7 is enployed. The vibrator 45 has a rod
BH SIREFr hefetsiingt tanaart ome ovt ZBbedapteds f Offers

it %%t%ggues of both a thermal resistance and a noise level
compared to those offered by the known fan.

In order to miniaturize the gas ejector according to
any one of the present embodiments, employment of a vibrator
having a small bore diameter is needed. However, as is seen
from the foregoing idea of the evaluation value, a small

diametexr is not advantageous. As a countermeasure for this,

employment of a vibrator achieving a large amplitude is

recommended. According to a technique of the present
invention, with respect to an envelope volume of about 250
c¢, including the heat sink, a thermal resistance not
greater than 0.7 (K/W) and a noise level not higher than 30
(dBA) or 25 (dBA) at a position 1 m away from a sound sdurce
are achieved.

Fig. 16 is sectional view of a gas ejector according to

another embodiment. As a vibrator of a gas ejector 71
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the vibrator 45. The rod 85 is inserted through a bore
5 section 72e perforated in a housing 72. The actuator
78 includes a yoke 82, a magnet 83, a coil 84, and so
forth. Wen a control section 70 applies, e.g., an
alternating voltage on the coil, the rod 85 nmoves up
and down in the figure so as to vibrate the vibrator
45. 10 In the present enbodi nent, since the actuator
78 is arranged outside the housing 72, the respective
vol unes of chanbers 72a angly 72b can be made equal to
each other to the utnost. Also, if the actuator d&dgg
arranged in the housing 72, heat of the actuator 78

i eming..| e r,.15 . 72a .or, 72b. \We
a?ﬁ§§%$%¥g%bgﬁfsﬁg%%?%?éﬁﬁgﬁﬂgﬁg "ot T RIETS 1ESSV%$%ﬁF°r
1608h&iiing FliGe heat dpriRel.edrnbestbtig 148 Bas a rod
reduced capacity of heat "dissipation. Fortunately, in
8bhéixegt edenetepbodi senictwmuelk aspaadbem Gar Betuating
revented. Fig. 17 is a sectional view of a
thedV ¥ dotodSef Tihe rad) &fad sefinsevted Hdwough Bi Gord6.
A gas ejector 91 as a nodification of that shown in
SBFHon ¢/ 26 BPRREA Ee4 g ot TOHG LA Srehber T8 GERRAGEF et 1 o
; t rod,85. The supporting, nber 92
R & P T e  br o Cihihre Sngh £R TPRG-
WP RO dnRGoMEsber 1 §2. N9ds 75 i 5. Prav 25
| at er al deflect?%ﬂﬁfé?2?§€é9?g't%é§V15?%??%%93%§g€%ion
voltage3hn BABPEBOD, te Wddr 860khodSs demabWorshi £Vimg

stable vibration of the vibrator 45. Al so, when the
figipporse ag renbdrrd® ithe dilbpased,45.0r exanpl e, so as
to cover the bore section 72e
In the present embodiment, since the actuator 78 is
arranged outside the housing 72, the respective volumes of
chambers 72a and 72b can be made-equal to each other to the
utmost. Also, if the actuator 78 is arranged in the housing
72, heat of the actuator 78 possibly remains in the chamber
72a or 72Zb. When the vibrator is vibrated in such a state,
a gas flow containing the heat is ejected, resulting in a
reduced capacity of heat dissipation. Fortunately, in the
present embodiment, such a problem can be prevented.
Fig. 17 is a sectional view of a modification of the
gas ejector shown“in Fig. 16. A gas ejector 91 as a
modification of that shown in Fig. 16 includes a supporting
member 92 configured to support the rod 85. The supporting
member 92 is composed of a bellow member, for example. With

the supporting member 92, the rod 75 is prevented from

lateral deflection relative to the wvibration direction of
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and seal the housing 72, air in the housing 72 is
prevented 5 fromleaking fromthe bore section 72e
when the vibrator 45 is vibrated. The present
invention is not limted to the above- descri bed

enbodi nents and a variety of nodifications are

possi ble. 10 Wiile the gas ejector according to each
enbodi ment includes a single housing by way of
exanple, it may have a structure in which a plurality
of independent housings arezs prepared, and a vibrator
is provided in each housing. In this case, by gg5p0309
controlling a phase and a frequency of the 15

oi duced t he .ga

R A R AR A A L g I
vmbi:@té:haascm 18, Wale:0 e RXRTBbBr LG Mérme«’it @p jbas no
pr obl em about belng conposed of, e.gQ.,
dpseeoel ,ediar exdeplep.sd md he ecaser oéh@tﬁﬁx@ylsagtaoxzmze
pi ezoel ectric device, when mcromniaturized, the gas
apf 393 the BSPEENalT3s efifredni the hoBHLnaSOZPEB0HT L Rl

S ctor_including at |east aone vibrator,
£ @J TEOBI BhIRTYF GRoEfERt 4 WERt (s VARBRRE 45
1§°J1bé? ting air in a formof a pulsating flow such

t hat Vibration of the vibrator allows sound maves

respeet b¥ebynt GaIALSH 99%@116&9&1:;% e LH& Y5 d-

weaken each other; and first control neans
deontineld Eﬁ@oﬂhﬁeﬁtﬁQﬂﬁﬂ@yvailébﬁ of modlflcatlons are
possible.

While the gas ejector according to each embodiment
includes a single housing by way of example, it may have a
structure in which a plurality of independent housings are
prepared, and a vibrator is provided in each housing. 1In
this case, by controlling a phase and a frequency of the
vibrator, a noise can be reduced.

In the gas ejector shown in Fig. 7, while the vibrator
45 is vibrated with the coil by way of example, the vibrator
has no problem about being composed of, e.g., a
piezoelectric device. In the case of employing a
piezoelectric device, when microminiaturized, the gas

ejector is especially effective.
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vi bration of the vibrator. 2. The gas ejector
according to aim1, further 10 conprising second
control neans for controlling the anplitude of the

vi brator. 3. The gas ejector according to Claim1l,
wherein the. vibrator has the | owest resonant
frequency not higher than 200 (Hz). 15 4. The gas

ej ector according to Caim3, wherein the vibrator
has the | owest resonant frequency not higher than 150
(Hz). 5. The gas ejector -acggrding to Caim1l, wherein
the first control nmeans controls the frequency seps309
not to be 20 higher than 100 (Hz). 6. The gas ejector
according to Claimb5, whesglifiyd he first control neans
controls the frequency so as not to be higher than 35
(Hz) . A 7gasThe egasrej £eldi @@ dikAgtt ondldigha2orWher ein
the 25 vibrator has a surface extendi ng substantially
comphbgiorml teopludFliS05AORG@® ctthegdbeectdron adbhpted for
vi bration thereof, and, when the area of the surface
S)ECHERY dridatidr at RAHT E Go®UlRRE)ngt HEoY jsush téeht r oI

t the f t_to be hi
ERERPE0 BA S KhAr e Sadana BBNET o YRnAS BRREF BT LY

g&H@ré%éHnHﬂohugﬁ%%éﬁ tf)t%% ggstpg ! rﬁ@%.%agg;otﬁé%p and

gas eject r accor I Ng to
£yher Qj:d“htiﬂaﬁ_ mEBEONEL € WAt 1TRAPSt KON ¥ nbhCof the

anplitude so as to be in
vibration of the vibrator.

2. The gas ejector according to Claim 1, further
comprising second control means for controlling the
amplitude of the vibrator. |
| 3. The gas ejector according to Claim 1, wherein the
vibrator has the lowest resonant freguency not higher than
200 (Hz).

4. The gas ejector according to Claim 3, wherein the
vibrator has the lowest resonant frequency not higher than
150 (Hz).

5. The gas ejector according to Claim 1, wherein the
first control means controls the frequency so as not to be
higher than 100 (Hz).

6. The gas ejector according to Claim 5, wherein the
first control means controls the frequency so as not to be
higher than 35 (Hz).

7. The gas ejector according to Claim 2, wherein the

vibrator has a surface extending substantially orthogeonal to
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the range from1l.5 (m) to 3 (nm. 9. The gas ejector
according to Claim2, wherein the 10 vibrator has a
surface extendi ng substantially orthogonal to the
direction of vibration thereof, and, when the area of
the surface is not greater than 70,000 (mMm2), the
first control neans controls the frequency so as not
to be higher than 35 (Hz), and the second contro
means controls the 15 anplitude so as to be in the
range froml (nm to 5 (mM)3720. The gas ejector
according to Caim9, wherein the second controls05r0309
nmeans controls the anplitude so as to be in the range

theodiZedtion b@ SikrMionl khekRergasn®) ealdy taecardhngr
to Caiml, wherein the 20 vibrator has a surface
thst andiane sgbsrangredter diamogona o0t oum’ hetlgk r&ictston
of vibration thereof, and the area of the surface is
CPREY P Heffige CPRBRPYS 500 (ReE1ensy 789 U0 nofntp. be2highrr
jector. according to aiml1ll, wherein the. area
tggﬁtﬁdedes ) éc%nofgfehgs@xﬁ at%’g%ﬁ} Bt SPPEFOL abe 25
£AY A ; P 3 ej.ector
X diefng%f he o, %“Bzféﬁéarog?‘g‘gté D i Sy P8
seir f aue Qukengefgosuhedamtingl LY O141P90NahetRint fife
direction of vibration thereof, and wherein, when the
s¢ceuaney rdili vem b \cdrite oflisr shecanpYidudeb seeanstothe in
anplitude driven by the second control neans, and the
the gprsre fhemsiry ac@arte Pedpmttivel y defined by A

é%)e}?qeﬁg%\%gljecatnodr %c(crgpd)ihgt it_]g (\leaalliliflne 2(3f wﬁ‘e)ée:?n thr?e s
vibrator has a surface extending substantially orthogonal to
the direction of vibration thereof, and, when the area of
the surface is not greater than 70,000 (mm?), the first
control means controls the frequency so as not to be higher
than 35 (Hz), and the second control means controls the
amplitude so as to be in the range from 1 (mm) to 5 (mm).

10. The gas ejector according to Claim 9, wherein the
second control means controls the amplitude so as to be in
the range from 2 (mm) to 5 (mm).

11. The gas ejector according to Claim 1, wherein the
vibrator has a surface extending substantially orthogonal to
the direction of vibration thereof, and the area of the
surface is in the range from 1,500 (mm®) to 70,000 (mm?).

12. The gas ejector according to Claim 11, wherein the

area of the surface of the wvibrator is not smaller than

2,000 (mm?) .
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range from 100, 000 (mm®8/s) to 10, 000,000 (mMm®B/s). 14.
The gas ejector according to Claim13, wherein the 10
value of A x Bx Cis snmaller than 200,000 (mMmB/s).

15. The gas ejector according to Claim1, wherein a
thermal resistance of the region between a heater, to
which the gas ejected fromthe respective ejecting
sections is supplied, and gas surrounding t he heater

is not greater than 15 0.7 § and a noi se | evel at

a position about 1 (nm) away 8f‘romthe sound source of

t he sound waves is not higher than 30 (dBA). 16.S03RD30°
gas ejector according to Claiml1, wherein the noise

| é%el T mets kijgheprt darp2EnodBA) C120n 17, whkeedasthe

2 ector according to Caim 16, wherein an envel ope
V\J/{ar-’aﬁ%r d6Ht & AUAG2ERecFeian vabalarti algl s eatheggnal to

e heat er. i s, not eater than 250 (cnB 18. The
tggsdﬁﬁ FSP 8éc8%8F%Eﬁ§5> e&iemt1, @ erefn t%e

V'bﬁﬁkg%lhaswﬁ@naﬁﬁéne gg%ﬁk% SY{E 3p%he39?9§%mégﬁkrol

respect 25 to a tendi ng orthogona

meafiectiren a@ﬁalltaae SOERGBRY ¢hbr atéomy tJb%ft%fl mégns Th@nd
gas ejector according to Claiml1, wherein a thernal

thesastande tbk thefsegiare hekpeenive hpateinedobwhicltz),

the gas is ejected fromthe respective ejecting

sé‘&‘t‘)iror‘i"@’é,1 5 AmE )gas?hf}uﬁﬁéwﬁd@f}g’%tm@ Ke@t &% Jiverotin the
af, a position

reat n &B a n0|se | eve

%%%t H@ a 5 T%ﬁ??h%osﬁbﬁw Q@Gré@mdﬁ5the sound

m@&?slﬂﬁ% ng QBQQ€$rtJEF%féln&dE%001§¥%j13, wherein the
value of A x B x C is smaller than 200,000 (mm®/s).

.15. The gas ejector according to Claim 1, wherein a
thermal resistance of the region between a heater, to which
the gas ejected from the respective ejecting sections is
supplied, and gas surrounding the heater is not greater than
0.7 (K/W), and a noise level at a position about 1 (m} away
from the sound source of the sound waves is not higher than
30 (dBAa).

16. The gas ejector according to Claim 1, wherein the
noise level is not higher than 25 (dBA).

17. The gas ejector according to Claim 16, wherein an
envelope volume containing the respective ejecting sections
and the heater is not greater than 250 (cm®).

18. The gas ejector according to Claim 1, wherein the
vibrator has an approximately symmetrical shape with respect

to a plane extending orthogonal to the direction of
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an envel ope vol une containing the respective ejecting
sections and the heater is not greater than 500 (cnB).
10 20. The gas ejector according to Claim1l, wherein
the wvibrator includes a first vibrator having a
surface extending orthogonal to the direction of

vi bration thereof and an asymmetrical shape with
respect to the surface; and a second vi brator having
substantially the same shgpf 15 as that of the first
vi brator and arranged so as"to vibrate along
substantially the sane direction as but in an opp?f%ﬁptoéog
direction to that of the first vibrator. 21. The gas

véPeRE b ddvsie@ifng to Claim 1, wherein the respective

ej ecti sectiaons_incl ude housing including a 20
pjllg'r al ﬂ?ey B EHERbRT sa%%qalpﬁoﬁgdcgi‘/”? e \ﬂhﬁgﬁﬁﬁra such
: S : ' ' t S Ve .
“hBfhed IS ANRRELL 200 SOl SLESLLTA iR.de I8 e
tBasg®y e @jeatear dhaf tHe Gedblbdivihey&iti gh@ections,
respective ejecting sections include a housing
anaictamdisvyraundbngl trallidateaf iehaobegsepartt ithaaneds by /w) ,
the vibrator and - 40 SO5PC309 adapted for ejecting
at el Ffasievand akna apesidtiom abpahgéd(mbuavsivd e rohe the useungl
and adapted for driving the vibrator. 23. The gas
SEIEH Gt BEOPEIRY Y374 difmPob, Bidies b Harhd RgRa) ngend
re e} xt.endi_ng. fromt he .outsi.de 5
a@%%?%%% Fovéﬁﬁﬁédgrﬁgﬁglg ?R% E?Eﬁﬁéﬁ%ﬁe “YRETGAE
s €O ol ERET h oY i5S Ade §rEode £x4endishg thrgugh
0

t he bore section and fi xe
20. The gas ejector according to Claim 1, wherein the

vibrator includes a first vibrator having a surface
extending orthogonal to the direction of vibration thereof
and an asymmetrical shape with respect to the surface; and

a second vibrator having substantially the same shape
as that of the first vibrator and arranged soc as to vibrate
along substantially the same direction as but in an opposite
direction to that of the first vibrator.

21. The gas ejector according to Claim 1, wherein the
respective ejecting sections include a housing including a
plurality of chambers partitioned by the vibrator such that
the chambers adapted for ejecting the gas have substantially
the same veolume as each other,

22. The gas ejector according to Claim 1, wherein the
respective ejecting sections include a housing including a

plurality of chambers partitioned by the wvibrator and
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the vibrator so as to nove integrally with the
actuator, and a supporting nenber provided in the
bore section so as 10 to support the rod. 24. An

el ectronic device including at | east one heater and
at least one vibrator, conprising: a plurality of

ej ecting sections adapted for ejecting gas in a form
of a pulsating flow such that vibration of the 15

vi brator allows sound waves respectively generated
upon ejection of the gas t o*weaken each other; and
control neans for controlling the frequency of t RPSE0309
vibration of the vibrator. 25. A gas ejecting nethod,
agarped sty egetingpshofgas 2@ng) eot pagrafay iagrangodm of
a_pul sating flow such that vibration of at |east one
°rb h

FAR or NGRS ot ARARESY FESpBELTIRY PG dPaREAT -

LB, SHRF T GLrt B A8 AERER SR oLlgEi e
hMﬁQIﬁéCHas a bore section extending from the outside
thereof to at least one of the chambers,

the gas ejector further comprising:

a rod extending through the bore section and fixed to
the vibrator so as to move integrally with the actuator, and

a supporting member provided in the bore section so as
to support the rod.

24. BAn electronic device including at least one heater
and at least one vibrator, comprising:

a plurality of ejecting sections adapted for ejecting
gas in a form of a pulsating flow such that vibration of the
vibrator allows sound waves respectively generated upon
ejection of the gas to weaken each other; and

control means for controlling the frequency of the
vibration of the wvibrator.

25. A gas ejecting method, comprising the steps of:
ejecting gas in a form of a pulsating flow such that
vibration of at least one vibrator allows sound waves
respectively generated upon ejection of the gas to weaken
each other; and controlling the frequency of the vibration

of the wvibrator.




