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-1 SO05P0309 DESCRIPTION GAS EJECTOR, ELECTRONIC DEVICE,
AND GAS-EJECTING METHOD Technical Field 5 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
ejector, and a gas-ejecting method. 10 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 15 proposed or
commercialized. With one of the meétheds for dissipating the heat, by
arranging a heat dissipation fin composed of metal such as alunfifGmoo 9
contact with the IC, heat is conducted from the IC to the fin so as to be
dissipated. Also, with anothePBRE®BEEAE Pethods, by 20 employing a fan,

hatait in, si of. &, PCI cefylly repelled, low-temperature
circumam %%%’ai%%é El:ntrgéql%ec?f:? %@éur%ﬁn(%%% %ﬁ%ﬁgﬁeggg%@to
achieve heat dissipation. With another one of the methods, by employing
a dissipation fin and a fan together, hot air 25 around the dissipation fin is

Teqbrdstatty Féjgeted with the 2 SO5PO309

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 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 wider.
Unfortunately, forceful circulation by such a fan generates a temperature
boundary layer on the surface of a 5 downstream part of the dissipation
fin causes a problem that heat cannot be effectively released from the
dissipation fin. In order to solve such a problem, although increasing the
wind speed of the fan so as to make the temperature boundary layer
thinner can be a candidate, increasing the number of 10 revolution of the
fan in order to increase the wind speed causes a problem that a noise is
generated by the bearing section df the fan or a wind noise is generated
due to a wind from the fan. In some methods for breaking the S85P030¢
temperature boundary 15 layer so as to effectively release heat, a
farsyrthdsic jet kilow i$iutilized LTRiS is hstendet+ewjeet mmewigragnd air
wiQ%enerated, 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
holeriscalled-a sypthetie jet 20 flow and faeilitates mixtusg of aikgo as to
break the temperature boundary layer, thereby more effectively
Jenfigsipating HedtRRaR Byieh e Tereeful ditefatioh With #yaRqseecé. g,
iption of US Ratent NO, 6123145 (Fig. 8, and so forth) an
o e b atas ALl atont 38 bTeaton J00383a "
hea(Figa2h ot 3pEniarturately: with-the:techmique setithiits sipation fin.

In order to solve such a problem, although increasing the

wind speed of the fan so as to make the temperature boundary
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 is 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

Publicatien 2000-223871 (Fig. 2)).
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Description of the foregoing US Patent NO. 6123145, vibration of air due
to a reciprocal motion of the piston 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 temperature layer
formed in the vicinity of the dissipation fin, due to the heat generation,
sending a more quantity of 10 air towards the IC and the dissipation fin
than ever is needed. If done so, even in an apparatus of ejecting air by
vibrating a timbale as that shown in Fig. IA disclosed in Description of the
forsgeing YIS Patent NO. 6123145, the, eiec(ion quantity of air; must be
increased by making the 15 amplitude of the vibration greater.

De s Accotdinglycif the, dregieney of thetimbaleds in an audible bapd, a
problem of a noise of the timbale also occurs. On the contrary, while a

vibyetiadsedh the fredquenéyreduces onoise,lthe Ejdctionc uantity of afron
decreases accordingly. 20 Embodiments of the present invention offer a

OrOo3Ee Efetic Tapabld of bifettively diSSiFRih et generated fidfia 12 Ve
o feater whilgnbibiting poise, gengration as litle as,gossitle, an legirope

device equippe he gas ejector, and a gas-ejecting method. 4 -
for Disclesurerofdnventionnaceerdance-with afirst-aspest theres ;provided

a gas ejector including at least one vibrator,
generated heat to grow steadily, in order tge break the
temperature layer formed in the vicinity of the dissipation
fin, due to the heat generation, sending a more guantity of
a2ir towards the IC and the dissipation fin than ever is
needed. If done so, even in an apparatus of ejecting air by

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

Description of the foregoing US Patent NO. 6123145, the

-ejection guantity of ailr must be increased by making the

amplitude of the vibration greater. Accordingly, if the
frequency of the timbale i1s in an audible band, a problem of
a noise cof the timbale alsc occurs. On the contrary, while
a decrease 1n the freqguency reduces a nolse, the ejection
guantity of alr decreases accordingly.

Embodiments of the present invention offer a gas
etector capable of effectively dissipating heat generated
from a heater while inhibiting nolse generation as little as
possible, an electronic device eguipped with the gas ejector,

and a gas-ejecting method.
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5 comprising: a plurality of ejecting sections adapted for ejecting air 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 first control means for controlling the frequency of the 0
vibration of the vibrator. In embodiments of the present invention, the term
"to weaken each other" means "to arrange sound waves generated by
the vibrator to weaken each other ina part of or all region in which the
sound waves propagates". i5 According to embodiments 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

Disfegyeney ofthenvibratargthe 20 gas ejection quantity is increased as
much as possible while inhibiting noise generation, thereby effectively

dissipating Featof adveaters it brder o aftangerseond waestoireaken
each other, their phases are shifted, for example. AIternativ:;,Ig in order to

PO RGeS 0UAE A tolieaken-BAAR D5 otheF schianitists B ForRieey by

_ritg['gpl%n:g Wgh ilelasi ope vi%rator and the vibrator is vibrated so, as to
e ej?ect gas altern§tellly rom these ch ?n %lrg.gAlggF thjéoprfl?raﬁ yaggceﬁgctl%n%r

ejesSeetiNSiNeludesa single beusing incudingy,for example,a phykality of 5

openings adapted for ejecting gas, or alternatively, a plurality of
vibrchambers forticusings)each imtluding atleast waves respectively
generated upon election of the gas to weaken each other; and
first control means for controlling the frequency of the
vibration ©f the vibkrator.

In embodiments of 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 embodiments the present invention, the
plurality of ejecting sections ejects gas such that sound
waves generated upon ejecticon of the gas weaken each other,
thereby reducing a noise. Especially, since the first
control means optimizes the freguency of the vibrator, the
gas ejection guantity is increased as much as pessible while
inhibiting noise generation, thereby effectively dissipating
heat of a heater. 1In order to arrange scund waves to weaken
each other, their phases are shifted, for example.
ARlternatively, in order to arrange sound wave to weaken each

other, chambers are formed by partitioning with at least cne
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one opening, and so forth. In the latter case, for example, the gas ejector
has a structure in which a single housing has at least one vibrator
disposed therein and a plurality 10 of chambers formed therein with the
vibrator serving as a partition. According to one embodiment of the
present invention, the gas ejector fusther includes second control means
for controlling the amplitude of the vibrator. For example, by 15 optimizing
the amplitude of the vibrator, a desired gas ejection quantity can be
obtained. According to one embodiment of the present invention, the

y 1 YiRrator has Jhe lowestresonant frequency notinigher, than 200 (Ha). In
generdl, gra |en}%s or curvesin frequency 20 ranges lower tharthe Towast

altdesenant freguencies. sepresepting sound pressures of sounds generated
from vibrators are substantially the same as each other without
depending:ar the vibedatorsy Actordingly ithe lewer then towiest Yesanant
frequency is, the sound pressure of the 25 vibrator vibrated at a frequency

s ingoRerthaf the resondift 6" freqiiSrcyEisaisxifizet . That is- sincethe

ope gprpliéud%gaor%gg [ gjr:eas_gagt%llen as ejgction quilgtg¥ can be increased

P much &g possiblé: Afest'), Since thé fowerthe c?‘requeﬁcy“,lFlflgfm%h a

p1uAkdibility tends to-become duller,if the vibrator has 5.a,driving frealeney. . <+
range hot higher than 200 (Hz), the quietness property taking account the

cne humaniagdibiityican besmaintaingd. Preferabty; ¢he vibgator bave thesmple,
lowest

the gas ejector has a structure in which a2 single housing

has at least one vibrator disposed therein and a plurality

<=

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

According fTo one embodiment of the present inventicn,
the gas ejector further includes second contrel means for
controlling 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 embodiment of the present invention,
the vibrator has the lowest resonant frequency not higher
than 200 (Ez}. In general, gradients or curves in freguency
ranges lower than the lcowest 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 1s, the sound pressure of the

vibrator vibrated at a freqguency lower than the resonant
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resonant frequency not higher than 150 (Hz) and be vibrated at a
frequency not higher than 150 (Hz). 10 According to one embodiment 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). 15 According to one embodiment 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 th%n 70t§?90_zm(mm2), the first control eans dceonfgré(t)r[_s

FreqrE s 5 20 beHighsr th&n 100 (H2Y, ahd thie second™ ¢

féquéncy 86 as not
inccoatelmeans contrals the-amplityde $0:as to e intberange fromyl; o

(mm) to 3 (mm). The reason for arranging the area of the vibrator so as
mucHo be not greatee tharn7@,000 §mm2), isrsuchothat, even Wwhenattempted

for being built in, e.g., a 25 desktop or laptop PC, the gas ejector is too
humdgrgep i Size 1and pessibly TailmCPTS05RD308Y being BUilt it} WHetepy nas

- adhisanangementis inappropriate for practicalyse. n s cass, f the.
lfreq ENCY IS ﬁoﬁ%lgﬁert a e.l.Ola EH% §n<ﬁhe amplltu e is'Smallerthan 1
quidRfeinorder to. S .obtain a desired gas ejagtion,quantity, the areaof the.
surface of the vibrator must be made greater to a large
be maintained. Preferably, the vibrator have the lcwest
resonant fregquency not higher than 150 (Hz) and be vibrated
at a freguency not higher than 150 (Hz).

According to cne embodiment of the present invention,
the first control means controls the freguency so as to be
not higher than 100 (Hz). With this, a noise taking account
the human audibility can be further reduced. Especially,
the freguency is preferably not higher than 35 (Hz).

According to one embodiment of the pfesent invention,
the vibrator has a surface extending substantially
orthogonai to the direction of vibration thereof, and, when
the area of the surface is not greater than 70,000 (mm%,
the first control means contrels the fregquency sc as not to
be higher than 100 (Hz), and the second control means
controls the amplitude so as to be in the range from 1 (mm)
to 3 {mm). The reason for arranging the area cf 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 1s too larger in size

and possibly fails in
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extent, and hence, this arrangement is inappropriate for practical use.
Whereas, for example, if the area of the vibrator is 10 about 70,000
(mm2) 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 15 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 20 greater than 70,000 (mm2), the fisst5P0309
control means controls the frequency so as not to be higher than 35 (Hz),
bednd the iSdcoind, comtealaingans Tontrots: theamptlitude $0asstoope imtthe
range from 1I]Emm) to 5 (mm), a noise can be further reduced. When the
fof eHhaREY Aot Righer than 35 (Hz) and 25 the amplitude is smaller than

1 mi, inRrdectasabtain a1 desitadhgas ejectionawantity the,area gha
vibrator, which will be described later, must be made greater to a large
{Hextempdwherebynhld andmgementad rappropriate for, piacticedieset b
hereas, for example, if the area of the vibrator is, about 70,000 (mm?2)

obLRaTwheR tha Visratris vibrated At R REGGricy I tHE it (Hz),

sute:d@pitdg e vibrator must be made greater to a large
extent, and hence, this arrangement is inappropriate for
practical use.

Whereas, for example, if the area ©f 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 sc 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), a noise can be further
reduced. When the freguency is not higher than 35 (Hz) and

the amplitude is smaller than 1 mm, in order to obtain a
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exceeding 5 (mm) causes the vibrator to have a considerable large inertia
due to its large vibrating surface, resulting 10 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 embodiment of the present invention, 15 the vibrator
has a surface extending substanti_all)é orthogonal to the direction of
vibration thereof and the area of the surface is in the range from 1,500
(mm2) to 70,000 (mr'2) . For example, if the area is smaller than 1,500
(mm2), in 20 order to obtain a desired gas ejection quantity, the

aesIEGHeRGL MIBL exGend e foreqana yalle o200 (Hz) Teslnainan  scn
increased noise, or alterriatively, thé amplittidé ‘must be arranged soé as

wilDobio be smallgethan: 1.8, 3(mm)and:.pence, this agrangesment is- ¢
inappropriate 25 for practical use. In this case, the area of the vibration

extautface ispreferablyimotasmaliey ¢ham 2,000 (mm2)ro9 rAecording:to one
embodiment of the present invention, the vibrator has a surface extending
Praghbstanti&fF orthogonal to the direction of vibration thereof, and when

thﬁ frequency driven by the first control means, the 5 amplitude driven b
the%%ggﬁg control n%éér?gﬁa@rfd tjh% a%r%g 6fthe s%?fa%%%rg %J}eas'f:pae%%elﬁ/

abodefingd byA () B (mm), @ndiC (mm32):the valuesof AxiBx Giis given,
in the range
fregquency in the wvicinity of 35 (Hz), the amplitude
exceeding 5 (mm) causes the vibrator to have a considerable
large inertia due to its large vibrating surface, resulting
in a large mechanical load. When the freguency is not
nhigher than 35 (Hz), the amplitude 1s preferably in the
range from 2 (mm) to 5 (mm), and ideally from 3 (mm)} to 5
{rom) .

- According to cone embodiment 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
fregquency must exceed the foregoing value 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 (mn®).
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from 100,000 (mm 3/s) to 10,1000,000 (mma3/s). if the value lies within
the range, a desired gas ejection quantity is 10 obtained and a heat
dissipation process is effectively achieved. Especially, it is preferable that
the value of A x B x C be not smaller than 200,000 (mm3/s). Here, the
vibrator has a fluctuation amplitude tgvige the amplitude B, and when the
vibrator includes a diaphragm, and the front 15 and rear surfaces of the
diaphragm are used, "C" is twice the area of the front or rear surface of
the vibrator. According to one embodiment of the present invention, a
thgrmal re§istan§e of the reqio betwgen heater, to which the gas
cj65i6d Tromh the feSpRITA EISE 1N Secfions 182 UHETEH, ARd G387
the SHirQUBading the heater is Rot.areaterihan, Q.70 and.a neige level ata
position about 1 (m) away from the sound Source of the sound waves is
ortinothigher than: 130 (dBA)-Thermal Tesistance isefvesalse as,a eoalinghen
capacity of the gas ejector. The noise level is preferably 25 arranged so
the a5575146 B higherthian 25 (BBA) LForexarapleroioréelestgoniche
ggmy{gnents.such as an IC chip and a resistor, and a heat dissipation fin

AP (4 haAE siik) are listéd 28 thé Tedters" Howeler, &r§ iateFRFothiF R e
of heabayelisted ones servesasa heater as long as itgeneratesheat

and 5 this also applies to the following descriptions.”In that case, an
and envelape yolume centainingrthe respective ejectingsections and thege

heater is not greater than 250 (cm3)
from 100,000 {mm*/s) to 10,1000,000 (mm’/s). If the value
lies within the range, a desired gas ejection guantity is
obtained and a heat dissipation process is effectively
achieved. Especially, it i1s preferable that the wvalue of A
X B x ¢ be not smaller than 200,000 (mmS/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 arez of the front or rear surface of the vibrator.

According to one embodiment 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 surrcounding 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 alsc 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,



ot

Alternatively, a thermal resistance of the region 10 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 about 1 (m) away from the sound source of the sound waves is
not higher than 30 (dBA), and an envelope volume containing 15 the
respective ejecting sections and the heater is not greater than 500.(cm3).
According to one embodiment of the gpresent invention, the vibrator has
an approximately symmetrical shape with respect to a plane extending
orthogonal to the direction of 20 vibration thereof. Since such a symmetric

o1 Strugture allgws nat only the respective seund waves to have mutyally the,

same amplitudes and so forth but also the harmonic waves serving as the

a helistoded somponentsrafithe soupdwaviesito have mutually the same
amplitudes and so forth to the utmost, 25 a noise is further reduced. - 11

heaPeeording 16 vae enbadimeht ofithe prekent ihventionh ehelvibratoristed
includes a first vibrator having a surface extending orthogonal to the

One HirdThidR of Gbratidrethefdoriand afitsymmétrigar Shiape it fespect ity
thidhe %Bgag%%@e% 51»5%‘90999 vi réiogﬁ%ggn%%usch}%nt@i'xrﬁhe same shape

as that of the first vibrator and arrangedso as to vibrate aFo'ng
substantiatly the; samerdiraction @sbuidn anoppesite :diractionta that of

the first vibrator. With such a structure, even when the vibrators have an
respgymmetrie shapeny sections and the heater is not greater
than 250 (cm’).

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 C.5 (K/W), a noise level at a position
about 1 (m) away from the sound source of the socund waves is
not higher than 3C (dBA), and an envelope volume containing
the respective ejecting sections and the heater is not
greater than 500 (cm’).

According to one embodiment of the present invention,
the vibrator has an approximately symmetrical shape with
respect to a plane extending orthogcocnal to the direction of
vibration therecf. Since such a symmetric structure allows
not only the respective scund waves to have mutually the
same amplitudes and so forth but alsc the harmonic waves
serving as the distorted components of the scund waves to
nave mutually tThe same amplitudes and so forth to the utmost,

a nolse is further reduced.
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10 by arranging them in 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 utmost, thereby improving a quietness property. A member
having a 15 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 embodiment of the present invention, the
respective ejecting sections includes a housing 20 including a plurality of
chambers partitioned by the vibrator such that the chambers adapted for

eigeling the,gas. have substantially the same yolume. ag gach ather, ko,

example, when the housing has a plurality of openings, each allowing
the each:chamberie commmunicate with the-eutsisle of the 26 housing: gas can

be ejected trough the openings. According to the 2 present invention, by
ext egrranging therespastivetchariberdisos as tohavé nutbaky thensamereot

volume, the ejection quantities aof gas, the amplitudes of sounds, and the

21 RB GenéFSBH" G the 185Hectad chAMBERS Eart Be mhiue e Shifié ag™* 2
secditha ether dberehyefeclively.achieving 3 heaLdissipation process apd.

ucing a noise as low as possible. In the gas ejector according to the
of iHesentiavention: the-ejesting Sections do N1t have respestive Bodsingg

but all ejector sections collectively have a single housing. The vibrator
substantially the same direction as but in an opposite
direction to that of the first vibrater. With such a
structure, even when the vibrators have an asymmetric shape,
by arranging them in a mutually opposite direct, the overall
symmetry can be kept. Accordingly, the waveforms of sound
waves respectively generated from the plurality of ncoczzles
can be made the same as each other to the utmost, thereby
improving a guietness property. A member having a
loudspeaker shape including, e.g., a coll section and a
magnet section may be employed as the vibrator having an
asymmetric shape.

According to one embodiment of the present invention,
the respective ejecting secticns includes a housing
including a plurzlity of chambers partitioned by the
vibrator such that the chambers adapted for e’jecting the gas
have substantially the same volume as each other. For
example, when The housing has a2 plurality of openings, each
allowing each chamber to communicate with the ocutside of the
housing, gas can be ejected trough the openings. According

to the
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10 may be singular or plural, and the same applies to the following
descriptions. According to one embodiment of the present invention, the
respective ejecting sections includes a housing including a plurality of
chambers partitioned by the ?5 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 magde the same as each other to the
utmost. if the actuator is disposed in 20 the housing, heat of the actuator
possibly remains, and remaining of the heat reduces a heat dissipation

pre£8RACIY, v'é‘?ﬁ%%‘?'yb? e,present invention Gan.pe preventsucha. ..

problem. With this, as described above, the heat dissipation process is

as effentively achieyed andnat thesame 12bitme:a Hoise-can Be reduced:as o s
low as possible. 13 According to one embodiment of the present

of gnventiohe thathbisingdmsce beresattionaxterding rokethesoutsigesd
thereof to at least one of the chambers, and the gas ejector further

£= o ditides & 788 BxfEndii fitGiigh ¥ bote Seetion 5ancPRsd fortheach
ocndibralglspas tofnous inearally With ihe. aeuatarand a supporting,

member provided in the bore “section so asto support the rod. By
pro@revdingihe supporing member, the mgs prevanted from deflectione a5

~thereby achieving stable vibration of the vibrator. Also, 10 by providing the
&7 egupporingamember tfor ekamples seras tbonvention, the ejecting
sections do not have respective housings but all ejector
sections collectively have a single housing. The vibrator
may be sgingular or plural, and the same applies to the
following descriptions.

According to one embodiment 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 1s effectively achieved and, at the same

time, a noise can be reduced as low as possible.
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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
vibrated. In accordance with a second aspect, there is 15 provided an
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 thatibration of the vibrator allows sound
waves respectively generated upon ejection of the gas 20 to weaken each
other; and control means for controlling the frequency of the vibration of
th vibrag)r. Ac%%rdgnrg to erﬁ]b%diments thte Rresent invep}tj%onjz b

Co0Y e empOdl n¥ention,

op |m|zmg]tﬁg frequency of the v@?al%gr, the EjeCtingl: eqsuean ity of gas’is

the inCreased,as much as pessibleywhile 2% inhibiting amoise, therebyr s 1 de
effectively dissipating heat of the heater. The electronic devices include a

thexemputer, at PD#e (persoral c A4: digitahasgistance ) accamerag adisplay t ox
apparatus, an audio device, and other electric appliances. A gas ejecting

Turtiéthod etsriiTg fo ERMBOBIMERS of the 'presert inventionificlEge then

ana SIERS.0f ejecting gas Ina 5 form of a pulsating flow such that vpration of
at feast one vibrator allows sound waves respectively genera d upon

act &iclion of the gag io weaken each.pther; gpd-copualling thedregyency of

the vibration of the vibrator. According to embodiments of the present
secinvention, By to support the rod. Ry providing the
supporting member, the rod i1s prevented from deflection,
thereby achieving stable vibration of the vibratcor. Also,
by providing the suppcrting member, for example, so as to
cover the bore secticn and seal the housing, air in the
housing 72 1s prevented from leaking cut from tThe bore
section when the vibrator is vibrated.

In accordance with a second aspect, there is
provided an electronic device including at least one heater
and at least cone vibrator, comprising: a plurality of
ejecting sections adapted for ejecting gas in a form of a
puisating 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 embodiments the present invention, by
optimizing the freguency of the vibrator, the ejection
guantity of gas is increased as much ag possible while
inhibiting & noise, thereby effectively dissipating heat of
the heater. The electronic devices include a computer, a

PDA (personal
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10 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. As described above, according to
embodiments of the 15 present invention, heat generated from a heater is
effectively dissipated while inhibiting a noise as low as possible. Brief
Description of the Drawings 20-Fig.41 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 shown in Fig. 1. Fig. 3 is a perspective

g view of an exgm];l)Le gase of 25 dissipatirgﬂhe%t ofan IC ghigﬁor the like. .
ngF'TS.”Z i$°4 s&ctivhal view' of & 18%5 ?’é]ec%r acdor ng HFanother AT anere
dev £Hbodimentottbe presentinvention ; 1p.205P0309 Fig. 5 is an A-Aline

sectional view taken along line A-A indicated in Fig. 4. Fig. 6 is a plan

view ©f the:gas ejectomaingi geeater dumbetrs otnbzziesiand thart thase

shown in Fig. 4 and a heat 5 sink. Fig. 7 is a sectional view of a gas
pregfectoractording o &idtHerembddifiemof the picseht Trverfion 1Figs.
forgpg?ué8EdT§%%T%S“¥E%%e%G%%mgéggogggration of at least one
vibrator allows sound waves respectively generated upon
ejection of the gas to weaken each other; and contreolling
the frequency of the vibration of the vibrator.

According to embodiments of the present invention, by
optimizing the freguency of the vibrator, the ejection
guantity of gas is increased as much as possible while
inhibiting a noise, thereby effectively dissipating heat of
the heater.

As described above, according to embodiments of the

resent inventicn, heat generated from a heater is

effectively dissipated while inhibiting a noise as low as

Brief Description of the Drawings

Fry

ig. 1 is a perspective view of a gas ejector accerding
to one embodiment of the present inventiocn.

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

Fig. 3 is a perspectlve view ©of an example <ase of
dissipating heat of an IC chip or the like.

ig. 4 1s a sectioconal view of & gas ejector according

5]

to another embodiment of the present invention.
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waves emitted from respective nozzles of the gas ejector 10 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 15 characteristic. Fig. 11 illustrates
an example acoustic characteristic of a loudspeaker having the lowest
resonant frequency fO of 110 Hz. Fig. 12 illustrates an example acoustic
characteristic 20 of a loudspeaker having the lowest resonant frequency
fO of 200 Hz. Fig. 13 is a table illustrating the relationship between an
evaluation value and so forth and aiffpow rate of gas. 25 Fig. 14 is a graph
illustrating the relationship - 16 SO05P0309 between the evaluatiofnogalugo o
and the flow rate of ejected gas. Fig. 15 illustrates characteristics of noise
levetits. Meatsesistanee. 15 kig. cisiasecticrialwiaw od @ gaseieciohe
according to another embodiment of the present invention. Fig. 17 is a
B-RetfiGHA3FEN o Midtification of the gas ejector shown in Fig. 16.

Fig. & is a plan view of the gas ejector having greater
numbers 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 embodiment of the present invention.

Figs. BA 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 f0 of
110 H=z.

Fig. 12 illustrates an example acoustic characteristic
of a loudspeaker having the lowest resonant fregquency f0 of
200 H=z.

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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10 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 15 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 20
contain air, for example. The housing 22 has pluralities of opening
sections 22c and 22d formed thereirgse as to allow the chambers 22a
and 22b partitioned as described above to respectively communicate withe
the outside of the housing 22. In this case, the numbers of the opening

be tseationsiz2cand 25t22d are the: same as: each ethera Thesmumber of the
opening - 17 S05P0309 sections 22c (22d) may be a single. The opening

9%%ections 22c and 22d respectively have nozzles 23 and 24 disposed

therein, capable of.gjecting ais.contained:inthe chambers, 22a.and 22b.

The nozzles 23 and so forth are not always 5 necessary, and forming only
heghempaningseetions 22c and so forth may be sufficient. The vibrator 25
includes a diaphragm 27, and the diaphragm 27 is com[gosed of, e.qg., a

flexibRe filnIikE SUBSEREER0th BY PET thdfethyidiic- frephrttaidi)s

to llAbther embodiment of the present invention.
Fig. 17 is a sectional view of a modification of the

gas ejector shown in Fig. 16.

Best Mode for Carrying Out the Invention

Embediments 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 sectiocns 22c¢c and 22d formed therein so as tec allow
the chambers 22a and 22b partitioned as described above to
respectively communicate with the outside of the housing 22.
In this case, the numbers of the opening sections 22¢ and

22d are the same as each other. The number of the opening
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10 The vibrator 25 has a structure of, e.g., a loudspeaker and is
composed of a coil, a magnet, and so forth (not show_n). Th(_a vibrator 25
is controlled by a control section 20. The control sectllon 20 mcluqles, for
example, a power supply circuit for applying a sinu_sou_jal alternatlv_e
voltage on the 15 coil of the vibrator 25, a control circuit for controlll_ng 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 thg
voltage to be applied on the vibrator 25, a driving frequency, or the like.
20 The housing 22 is composed of atRighly rigid substance, eg.a metal
such as aluminum or a plastic, and has a rectangular paralleleplped)5£)0309
shape. The housing 22 used here includes, for example, openings

S Compdsed 6F the? S8et#atefiarafdhaling tw&gamesﬁapp.szfggmons
jo t ' aving the structyre - 18 S05P0Q as
’ Zgg:i%%e%%bg\%g\l/%ﬁfegg %Iée)ggri%gg N Oezn%%scggtr&ns%c |?) ndf(?aﬂ%g the
theiyeator 26aabpredetermiaed: frgquency sewmas in-sinugoidally Mikrate the
diaghg:\gzm 27, the pressure of each of the chambers 22a and _22b
2GR crisies® and d¥crBa&&< aftefmatBRA BeRetsiT tis ffcws of atrlareys

' ' flows of air are
sganarated throyghdbe apening sections 22¢ and 22d. The flows of aif
! generated such that, through thg nozzle§23lgﬁd %%rc,:%ﬁ"éag.lsl’ f ows 0 S0
TogldrnativelysfromAkiédnside to the outside and from the outside to the

inskyigfgyiggggygé%zincludes a diaphragm 27, and the
diaphragm 27 is composed of, e.g., a flexible film-like
substance such as a PET (polyethylene terephthalate) film.
The vibrator 25 has a structure 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 contrel 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 parallielepiped shape. The housing 22 used here
includes, for example, openings composed of the same
material and having the same shape.

An operation of the gas ejector 1 having the structure
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10 The air ejected from the nozzles 23 and so forth forms a 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 15 in
the ejecting air. In 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 20
a heat sink, heat thereof is effectivelysdissipated. At the same time,
vibration of the diaphragm 27 alternately generates sound waves ghropighn o
the nozzles 23 and 24, and the sound waves propagate in the air. Since

asthée shapesamdosoy forti b the:chambeidb@2a anth22btthe shapass25 of
the.%pe iagsections nd 22d, and the shapes and so 19 S05P0309

t

2
S forth of the ne7zIes 2§2hé£r:1§’ SREEW spaciVely s e sarRess each
£ rolfeEnthe soUnd wayes ganesatec from,the- nozzies 23 and,24 have the

same waveform as each other and mutually reversed phases.
thecearimgyetielsas wal esiB respadtively gérerated toughdheases

anﬁoé%ng?:eazags%%d 24 aergnggg epedBoaltJteeach other, r(?sulting in inhibiting a

noise. A'spacing d between the n62218s 33 &d 24 i prérerQbly2 4t 86 as
geloesatishi the expsession: &skihGvhere, fvis awavelengih of a ¢y

generated sound wave). When this expression -
flows of air are generated such that, through the nozzles 23
and 24, the air flows alternatively from the inside to the
outside and from the outside to the inside of the housing 22,
The air ejected from the nozzles 23 and so forth forms a
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. In 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 of the 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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10 is satisfied, the sound waves generated through the nozzles 23 and so
forth have no parts whose maximum amplitudes strengthen each other,
thereby inhibiting generation of a noise as little as possible. Fig. 3 is a
perspective view of an example case of 15 dissipating heat of an IC chip
or the like with the aid of the gas ejector 1. An 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 20 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 51anthbo3g9
transferred to the heat sinks 52. With this, hot air stays in the vicinity of
foeaehaf thedaeal 20 siaks $2; xesylting ja formipga taraperature.beyadary
layer. - 20 SO5P0309 Hence, jet flows generated from the nozzles 23
Saph 24 SAH vitragion dihe.gs ctedviBrater 2848 plavr dowards tHee heat

sinks 52 s0_as,tq hreak the temperature boundary layers, .thereb
o e Attt hoat 0T e 15 iGE 1 A nrs Lholr AR iBRE of

nuttugas gjecior aseargingde anotherembosiment ehthesprasentdneantion.
Fig. 5 is an A-A line sectional view taken along line A-A indicated in Fig.
TeIRHNP R ¥ ISP BIB FiRE SdrreRabviele ket bfvhg iné BiB4Adiested in

degg h%dAé§¥sggg(”é¥ker, resulting in inhibkiting a noise.

A spacing d between the nozzles 23 and 24 is preferably
set so as to satisfy the expression: d < A/2 (where, A is a
wavelength of a generated sound wave). When this expression
is satisfied, the sound waves generated through the nozzles
23 and so forth have no parts whose maximum amplitudes
strengthen each other, thereby inhibiting generation of a
nolse 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. An 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.
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10 has a structure in which a 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 15 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 29ochambers 62a and 62b. The vibrators
65a and 65b are provided so as to respectively block openings 66 ando
66b provided in the wall 69. Vibrating air in the chamber 62a with the
Henvibratoe 65bidischajgesair Fanrihenanze 638z 1A02 yibtating aikipithe
__chamber 62b with the vibrator 65a 25 discharges air from the nozzle 63b.
vibFREVBratdrs 658 and SR BEBPERI0 65t Ard e dtedas s chiffol

hea$CGHAN (04 shown) Ihe Same .as the.ceniplsection.2Q shownip Rigy e,

and controlled so as to vibrate, for example, in a mutually reverse phase,
thewith the Stme amydlitude asigachiothereb Sinde thes vitators 65a and 65b
are arranged so as to have the same vibrating direction R as each other

anbi'fdte in Mty SEpsse-dirdtions 84 detrifedabotdeElen when
acciheviiators bave an.asymmetric shape as thag of a. lgudspeaker, the

overall'symmetry can be kept. Accordingly, ,
Fig. 5 is an A-A line sectional view taken along line 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
has a structure in which a housing 68 has chambers 62a and
62b provided therein. The chambers 62a and 62b are formed
by the housing 68 and a wall 692 provided in the housing €8.
The chambers 6Za and 62b respectively have vibrators 65a and
65b arranged therein. Each of the vibrators 65a and 65b has
the same structure as ﬁhat 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 &5b are
provided so0 as to respectively block openings 66a and 66b
provided in the wall 69. Vibrating air in the chamber 62a
with the wvibrator 65b discharges air from the nozzle £3a,.
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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10 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 15 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 20 arranged relative to the heat sink 31
such that each of the nozzles 63aZ63b) faces an air passing section 32a
of, e.g., each of fin members 32 of the heat sink 31. With this, theobhea 0o
sink 31 is effectively utilized, thereby improving a heat-dissipation

6 Skefliciencynb #igd7 o asectiohabvievsota gas @jectoslaceoidinge 2me
S05P0309 to another embodiment of the present invention. A gas ejector

25 P RcESHinG to & brélert eriBSUMent indfides £ Hacomle Gibtatdr 33
as insteadetthe vibrator 25.0f1the gas Qj%‘@(iéffé)%me%@e 2pbee,

vibrator 45 is configured by 5 bonding a flat coil (not shown) onto, e.g., a
w i tlpsiimatiendil mmwhén decontrelasdetioh4Brapplies an alternative voltage

on the coil, the vibrator vibrates up and down in the figure by making use
of élrﬁlacﬁnéi%lce figli of & cr)r?asgr%se a(naéf%h%v(\;)n)aarr?ar?drer(f,q}g?%xﬁﬁlp‘?@, ihthe

havROUSIRY Z2nBYibrating direction R as each other and face
in mutually opposite directions as described above, even
when the vibrators have an asymmetric shape as that of a
loudspeaker, the overall symmetry 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 &1 according to the present
embodiment includes two vibrators, if an even number of
vibrators are provided, the scund 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.qg.,
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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10 providing the plate-like vibrator 45 as described above, a symmetric
structure is 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 15 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 20 vibrator have fundamental
components having mutually different-amplitudes. 2) Noises generated on
the front and rear sides of the vibrator have fundamental composestso 309
mutually out of phase shifted from 180 degrees. 25 3) Noises generated
to emththfrontahddéarsidesdftthe -3 S0P Q30Q: nihratar havesharmonic
components (distorted components) having mutually different amplitudes.

eIeRbiset GEieratEd 8n the TRshtRNERAT STARRCERRR Vibrafor e 2
p1aRarmanie companets mutually oug of phase 3, shifted from:180. d@ﬁéef?;acse

For example, in the gas ejector 1 shown in Figs. 1 and 2, the front su
&jeoftthe ibritowR5 Tacds the Ehanibes 22y raricba frdimeé on-thefreanside by
bon Jl_%se to an gtctuatog) of the vijbrator 25 faces the chamber 22a. In

genéhﬁf&nceaFOl {not shown) onto, e.g., a resin-made
film. When a control section 40 applies an alternative
voltage on the coil, the vibrator vibrates up and down in
the figure by making use of a magnetic field of a magnet
{not shown) arranged, for example, in the housing 22. By
providing the plate-like vibrator 45 as described above, a
symmetric structure is 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
fellowings 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 fiom 180 degrees,

© 3) Noises generated on the front and rear sides of the



16

15

20

25

10 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
15 fundamental waves on the front and rear sides are generally different
from each other, resulting in remaining of a noise. Fig. 8A 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 illustrate the 20 measured gesults of the sound waves respectively
emitted from each lower nozzle 24 and each upper nozzle 23 shoywrFitho
1. Fig. BA indicates that the sound wave emitted from the nozzle 24 has a

vibgrenter amplitude thanithat enpitted fom the shozale 23 g 8R dllustrates
a synthesized sound of them. 25 As seen from Fig. 8B, a noise at the
haviaguBHEy 8t the 924 £8p5pb3ooP iiridiifiéntal wave remains. When the

gageigetor 61 shaywn.in Eigs, 4 and 545 amployed, S'nces@ds'ng'egf%“t

surface and a single rear surface of the loudspeaker face eac er,
vibumtampmwdaeshﬁ ohthe fundaimental wavestenittied thiough qamsréozzle
3a and each nozzle 63b disposed in the corresponding two chambers

Shlé’z_ﬁ%nﬁré’fb 4P n88AY Ritial to each other. In this case, while the
undamenialwavesiareeadened 0.8 cofian eigfh Apadaing Igng

harmonic components is insufficient. Fig. 9
2, the front surface of the vibrator 25 faces the chamber
22b, and a frame on the rear side (close to an actuator) of
the vibrator 25 faces the chamber 22a. In general, since a
sound pressure on the rear of the vibrator 25 having a
loudspeaker shape i1s not taken into account so much, and the
frame sometimes has & 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. 8A 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 illustrate the
measured results of the sound waves respectively emitted
from each iowér nozzle 24 and each upper nozzle 23 shown Fig.
1. Fig. 8A indicates that the sound wave emitted from the
nozzle Z4 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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10 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., 15 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 204pade the same as each other. A
presumable countermeasure for solving these problems is such that s34
vibrator has a structure as symmetric as possible, a single vibrator is

Furiserbif pessible;and.ghambers are arranged on both sides of the
vibrator. In 25 addition, a further effective countermeasure is decreasing -

25 WHe5P0B8e9 dthe fandahwentalfreaency-asTowas possibled Fig 10 is a
e F?lrgl Qg"usggagigg a héJJrEa erglug:i‘:bltlgi tcfg_)arral}::t%ereiestiél:il he gra h.s an e%ual
dudneds ciirve (with armASweighted characteristic) stipulatddtn 5F€

sustapdarst; Stillustrating thatkwhersexpesachtothengarme somnddeyelindie s
frequency range from 20 (Hz) to 20 (kHz), the sound can be heard to
of &t hagRittige ot the 3vaRdIBtét That i e hgrepriillastatbs thae it

cadffeEngedo dpound pave ALt (H2). 3 50und at each frequency gan be
heard to what
6Za and 62b are nearly equal to each other. In this case,
while the fundamental waves are deadened to a certain extent,
deadening the harmonic components is insufficient. Fig. 9A
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 te 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. In

addition, a further effective countermeasure is decreasing
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10 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), 15 wherein p and pO0 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 20 an A-weighted
characteristic taking account the-augdible characteristic is low. Also,
decreasing the frequency of the fundamental wave accompaniesz 050309
decreasing the frequencies of the harmonic waves, whereby harmonic
thaofsesiane shifteds tequportign ©f theauslible chatacteristic as low as 25
possible. Since decreasing the frequency entails reducing - 26 S05P0309

the'djdetion? quiantinPGFEXS Fromi e A2 DEs Asifply HerRSHSAE the
chdreguencyds not enpughg Therexperiment.conducted by the present ;.\,

inventors et al. confirms the fact that a satisfactory sound-deadening
an gffeet 19ig oBtathed dythe fandamentdlowave atlabhout’38Hz Asdshowyn in
ig. 10, under the same sound pressure, if the frequency drogs from 200

il]l(: 7516 OO HZ} e HBiEB 1578 TS i8S 15y 4ABG: SO @BA} SR, if the
£ rdegauensy.diops feomnl Q0o 30 Heothenqisg Jevel.additiqnally degregses
by about 20
heard to what magnitude of the sound level. That is, the
graph illustrates that, with reference to a sound wave at 1
(kHz}, a sound at each frequency can be heard to what
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 fregquency of
the fundamental wave accompanies decreasing the frequencies
of the harmonic wawves, 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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10 (dBA) from that at 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 15 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
other words, taking account the characteristic of a vibrator such as a
loudspeaker, a sound pressure at, e.g., not higher 20 than 200 Hz such as
30 (Hz) or 100 (Hz) must be obtaineg. -Figs. 11 and 12 illustrate example
acoustic characteristics of loudspeakers having the lowest resoragp0309
frequencies fO of 110 (Hz) and 200 (Hz), respectively. The sound

thepressurd tavels ah freguenciesuglfethantdenh, paspectiverpwest
resonant frequencies fO are both about 90 - 27 S05P0309 (dB).

de rBGRRP, itRhe FrEfR Y ahfeBowBR s the respective lowest

resqnant frequendles @o@&&*&%éé;‘if%f@%‘%‘ﬁéfsg}?csgﬂ%‘?{t%@é”%h%l :

lower lowest resonant frequencie has a higher sound pressure than
conthathavirigeb fhe highertowest resofrart dregueneies-tle Fbeusing el feet
sound pressures, e.g., at 50 (Hz), while the sound pressure of the

is ghfRpBsRePHaling theTdaBratediidite/fo 3PT10 @I5Fis 7d tS) e
in AYNd pressuig of the loudspeaker having dhe resonantfreausncy fQ of,

200 (Hz) i1s about 62
drops from 200 (Hz) to 100 (Hz), the noise level decreases
by about 10 (dBA), and, if the frequency drops from 100 to
30 Hz, the noise level additionally decreases by about 20
{dBA) from that at 100 H=z.

From the viewpoint of a scund at a single frequency,
while driving the vibrator at a low frequency decreases the
noise level, the low driving frequency decreases the number
of reciprocaticn 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. 1In
othgr words, taking account the characteristic of a vibrator
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 £0 of 110 (Hz) and 200 (Hz), respectively. The
sound pressure levels at frequencies higher than the

respective lowest resonant freguencies f0 are both about 290
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10 (dB). This is because each sound pressure has an amplification
characteristic of 40 (dB/dc) in a frequency range lower than f0. That is,
presuming that the loudspeaker has a characteristic equivalent to the
driving characteristic of 15 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 fO has a higher sound pressure at
a low frequency. A higher sound pressure results in a greater ejection
guantity or flow rate of gas 20 from a nozzle. Accordingly, it can be said
that the lower the lowest resonantdrequency fO of the vibrator including a
driving system, the ejection quantity or the flow rate of gasin al®gs5p0309
frequency range is increased. When the vibrator is driven, e.g., at 30

{dgHZz), White the Jovest2% résenantrirequenciessfQ is.preferahly tow and
close to 30 - 28 S05P0309 H?, the experiment conducted by the

e SRACEAY VERTSET ef S CRARRIS HEIARE SR afiBuddbeiksr FalRg the

frelawgét:;,esgﬁantsgsgus@cyl5%%9%&901@@@&%%%@69@&érQaéﬁz)1 a

sound pressure (e.g., an amplitude) of a necessary 5 vibrator can be
freghtainete Actordimglys itissufficientitoie ppteys asebrabem haking theving
lowest resgnant frequency fO naot higher than 200 Hz, preferably not
Eh Sy BRGFHart D56z} A MOre BrERATAB Fbt hibher INGHSLORE(ED dite

soudiveitdn aftequency,range: so (Hz), while the sound pressure
of the loudspeaker having the resonant frequency £0 of 110
(Hz) 1is 70 (dB), the sound pressure of the loudspeaker
having the resonant frequency £0 of 200 (Hz) is about 62
(dB}. This is because each sound pressure has an
amplification characteristic of 40 (dB/dc) in a frequency
range lower than £0.

That is, presuﬁing 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 f£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 freguency £0 of the vibrator including a
driving system, the ejection gquantity or the flow rate of
gas in a low freguency range is increased. When the
vibrator is driven, e.qg., at 30 (Hz), while the lowest

resonant frequencies f0 is preferably low and close to 30
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10 lower than the corresponding lowest resonant frequency f0. Factors
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, 15 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 = Ax B x C, wherein a driving frequency of the vibrator, an 20
amplitude of the vibrator, and an area of the vibrator (in the case of a
plurality of vibrators, the total area 2Bereof) are respectively represented
by A (Hz), B (mm), and C (mm2). Fig. 13 is a table illustrating thes05r0309
relationship between an evaluation value and so forth and a 25 flow rate
(Haof gashAlsepeigiddrs acgraphctlastrating the p28s805P0308%hters, et
relationship between the evaluation value and the flow rate of ejected

al odS YRR dake, I b PresdmediAEP iR Sow AE T irf Bropdti6 o

redBRAl€CtAN GUaRELY 2f0as, R, MoViNg AHantity.Qf gasRerURit ime)y S Hg |
gas ejector as shown in Fig. 1 or 4, including 32 pieces of nozzles, each

a Hraving Arsaternal diargeter of 3amm,; iisudsed fof conkicting dhe
. e>§)eriment. co rrg:erciaellcy available loudspeaker is employed as a

VARfibrA or, Sihce’the’ oﬁ&élpepiker is most available vibrator designed to
Accordingly, it is sufficient to employ a vibrator
having the lowest resonant frequency f0 not higher than 200
Hz, preferably not higher than 150 (Hz), and more preferably
not higher than 100 (Hz) and drive it in a frequency range
lower than the corresponding lowest resonant frequency f£f0.

Factors 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 z driving frequency of the vibrator, an
amplitude of the vibrator, and an area of the vibrateor (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
relaticnship between an evaluation value and so forth and a

flow rate of gas. Also, Fig. 14 is a graph illustrating the
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10 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 15 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 (mm3/s), the corresponding thermal
resistance is about 1 (K/W), and, also, when it exceeds 20 200,000
(mm3/s), the corresponding thermal¥esistance and flow rate drops below
0.7 (K/W) and exceeds 4 (m/s), respectively, thereby proving thesesp0309
values to be satisfactory for a heat dissipation device. For your
relinformationy adedatedissipationdevice:havingal theravat 26hresitanceate
smaller than 0.3 (K/W) is used for heat - 30 S05P0309 dissipation of a 70
°of WRERRS GPY: whie t'shbufd B8 cohsidérRdtfiab SHicd it SPédifichton

£1f thetheat sdissinationcanasityds determined:depending 00 Use gas
situation of an apparatus, it cannot be evaluated only from 5 the flow rate,
(a2 thevioww raresoffersyonghdesterninationt itformation. According to e JIS

stapdard, the unit of thermal . resistance. is "(m2K)/W", since the thermal
re?s'lflé}%nggsfs e&@f?nge%rag Tia VATIE obthindd b;!l diviing a &AL 9 32

pieces of nozzles, each having an internal diameter of 3 mm,
is used for conducting the experiment. A commercially
available loudspeaker is employed as a vibrator, since the
loudspeaker is most available vibrator designed 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
blewing air emitted from the gas ejector, conto the heat sink
as described above, roughly speaking, the higher the flow
rate, the higher the heat dissipation capacity. BAs 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 thermal 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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10 difference between two target surfaces by a thermal flux 1 (W/m2)".
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"). In the present
invention, while the unit of a thermal resistance is defined by "K/W" as 15
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 20
represented by At, a thermal resistafice R is expressed by R = At/a
wattage value of the heater. From the present experiment, a synthefié §jetc
flow, whose flow rate increases in accordance with an increase in a

disdiapetéPand anfamplittitle; ebastse fdtvned Wibspetially, the 2bdeXgreriment

corfgygaletheactthal a.cne (e0, fhe diaphiagm - 31 S05RO09 27
shown in F|g.3 of a f(l)udspeake , having an ampl?tude not smaller than 1

di () edlowscas pighet flovs rateanaithussa figberheat dissipation
capacity. If the amplitude is smaller than 1 (mm), in order to achieve a

s LtediretPgad 5odjeefidi? Hiantity, Hie Foreoind arey elvtise He thade from
enSIgaly laroe, whereley (s copllouiasion s Juappropriale [ara ragtical

use. The larger the amplitude excee s than 1 m, the etter, and the
infamplittdenis preferably 1 (mm) to 3 (mm) at the driving frequency A not

higher than 100 (Hz), and

According to e JIS standard, the unit of thermal
resistance is " {m’K)/W", since the thermal resistance is
defined as "a value obtalned by dividing a thermal
difference between two target surfaces by a thermal flux 1
(W/m?)". 'The thermal flux is defined as "a gquantity of heat
transferred per unit area per unit time" (the unit of a
guantity of heat is "J"). In 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,

whese 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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10 ideally not smaller than 3 (mm) at 30 (Hz). Also, taking account the
upper limit of the size of the vibrator, 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 (mm2), in other words, its bore 15 diameter
(diameter) is not greater than 300 (mm). Because, if the area exceeds
70,000 (mm2), 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. 20 When the
area C is not greater than 70,000 (Mn71") , the amplitude is set at 5 (mm) or
less on the basis of the following reasons. In the case where theS&re&'389$
about 70,000 (mm2), and if the vibrator is vibrated at a frequency in the

27 \HBIPHEY oirfle?@i.935%mz§>,fth§ afpfitRAsReediiy 525 fhnyealistsdne
notViBIAIeN 19 haye a greglen inertia, - 32 {0aR0309 resulting in a greater

mechanical load, and if the vibrator Is vibrated at a frequency in the
higuiemity<afitl Q0. @42) she camplijudei exceeding ShEnmpcauses éhea yibrator
to_have a greater inertia, resulting in a greater mechanical load. 5

smap g e preSBht expBrifiettiwitA £EPeaRET Favifg A= B8ré8fameter
o5 R smalienthan-60 (M) ¢hearea.( =2827 dmma). fata.gfa t@%fit%%hy

resistance not greater than 0.5 (K/W) is obtained. Presumed that, if
largrea @hsabowt thalf thealbove vatueyrthé shémaahresistance isfakRout
pr;$%¥g21 use. The larger the amplitude exceeds than 1 mm,
the better, and the amplitude is preferably 1 {mm) to 3 {(mm)
at the driving frequency A not higher than 100 (Hz), and
ideally not smaller than 3 (mm) at 30 (Hz).

Also, taking account the upper limit of the size of the
vibrator, the amplitude is preferably not greater 5 (mm).
The preferable size of the vibrator is such that the area C
is not greater than 79,000 (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 wvicinity of, e.g., 35 (Hz), the amplitude exceeding 5

{mm) causes the vibrator to have a greater inertia,



106

15

20

25

10 it is sufficient that the area C is 1,500 (mm2) or greater. If the area is
smaller than 1,500 (mm2), in order to obtain a desired gas ejection
guantity, 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 15 greater, whereby this arrangement is inappropriate for
practical use. In this case, the area C is preferably not smaller than 2,000
(mm2). BY applying the vibrator having the foregoing area C to any one
of the gas ejectors 1, 41, and 61 according to the 20 corresponding
embodiments as described abov‘e,%?nd’controlling it at the driving
frequency A and with the amplitude B, an effective heat dissipation>F¢392
process can be achieved and a noise_can be reduced. Especially, a heat

resfiddipAtiontetidd Gahpled o AP RGISE levaRtht HigRer thanss SBRERR”
is andaibermatresistapgadot figherthanQ.Z (KN -8 SAPPE399 can
be achieved. Fig. 15 illustrates two characteristics with respect to noise
ampéysivks eataedistiance, compardng tite bhe achiewvetb byt@ khewn fan
reigglggin%g rgt%tingrién% I#e.r with the other 5 achieve bﬁ}/,tg]aelg%s ejector

accordfhg to ény one ot thé "Embddimahts THe Rerial 1&&stand@tere is

definedagithahbatwesathedigat sinteserving ag aheateiand dkving a
surrounding the heat sink. As seen from this figure, the gas ejector
borgeebrdimg)-forany bnewsflembodinsentsbffers) (the area € = 2827

{mm®)), data of a thermal resistance not greater than 0.5
(K/W) is obtained. Presumed that, if the area C is about
half the above value, the thermal resistance is about double,
it is sufficient that the area C is 1,500 (mm’) or greater.
If the area is smaller than 1,500 {(mm®), in order to cbtain 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
greater, whereby this arrangement is inappropriate for
practical use. In this case, the area C is preferably not
smaller than 2,000 (ram®).

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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10 better values 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 15
from the foregoing idea of the evaluation value, a small diameter 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
20 cc, including the heat sink, a thergwal resistance not greater than 0.7
(K/W) and a noise level not higher than 30 (dBA) or 25 (dBA) at a pgsHipty g
1 m away from a sound source are achieved. Fig. 16 is sectional view of
cangds efadideaecording to 25 another embodiment. As a vibrator of a gas

ejectEQr 71 - ;334 . S05P0309 accordir%%to the present embodiment, the
plate-lie vibtator" 48 SHOWAT irF ERy. FRIGRPRIyEN The Wibkitora5ivasta to

nd0ge85dbed thereto. of anaciuatar 78 adapted for actyating the vibrator

45. The rod 85 is inserted through a bore 5 s%%ﬁéﬂ Z%Ser(%reatg&rilﬁ%ved

bihcushigT2. Tae detaatotizgy includes @ yiokd BRe 2 18agnet-83 .13 601 e -
nd soéogh. When a control section 70 applies, e.g., an alternating

2 Soitage on the 25i1 9 oSS AoV ap HMPdSRNIR the TRy rE Soss to

entibeatRdhe ¥ibraf@d®he rmal resistance here is defined as that
between the heat sink serving as a heater and air
surrounding the heat sink. As seen from this figure, the
gas ejector according to any one of embodiments offers
better values 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
diameter 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
cc, including the heat sink, a thermal résistance 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 source
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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10 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 15 72a or 72b. 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 20 gas ejector shown in Fig.-16 4A gas ejector 91 as a modification of
that shown in Fig. 16 includes a supporting member 92 configureghtopozog
support the rod 85. The supporting member 92 is composed of a bellow

acmerdbety fapexampie <Akt thaisuppaking meneben92.dheirgd 85 isrator
prevented from 25 lateral deflection relative to the vibration direction of -

45 38 B PI305 the (idratsH s Hereby EBRieviyrataple dibriten of
s VIETA! 45, A1800WheR 8 SUARCIURG MRar g s isposed for s

example, so as to cover the bore section 72e and seal t ousing
thin theohetsing4?2 is Frevented S5fram |eakingfsamtthedneye seations/2e
when the vibrator 45 is vibrated. The present invention is not limited to

Setiid ABové S dBEETHEG ERthddinferS Sitiy vadety ShRoRffcatibRs af8

inPPgsible., yoke 82, a magnet 83, a coil 84, and so forth.
When a control section 70 applies, e.g., an alternating
voltage on the coil, the rod 85 moves up and down in the
figure so as to vibrate the vibrator 45.

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 72b. When the wvibrator 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 85 is prevented from

lateral deflection relative to the vibration direction of
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10 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. In this case, by controlling a phase and a frequency of the 15
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 20 piezoelectric device, when microminiaturized,
the gas ejector is especially effectyge. 36 505P0309 CLAIMS 1. A gas
ejector including at least one vibrator, comprising: a plurality of ejectingsoe
sections adapted for ejecting air in a form of a pulsating flow such that 5
theibrétioatafthe vibraterallgws soiled waves: rspeclivbly: generated-uron
_.ejection of the gras to weaken each other; and first control means for

VAREH TN the freGAentl 7 thd SiBHRRA GRS WERREE 2 Hegas

41 §i8608 acegrding 1p,Glaim 4, fuither, 10,compriging second. contrgl means
for controlling the amplitude of the vibrator. 3. The gas ejector according

andosGlaim thevirereii e Mbratdrhas thdowestsresonant freqpeneymota

frggg %gﬁggg from the bore section 72e when the vibrator 45

is vibrated.

The present invention is not limited to the above-
described embodiments and a variety of modifications 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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- vibration cof ¢

200 (Hz). 15 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 20 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 25 vibrator has a surface extending
substantially orthogonal to - 37 S05P0309 the direction of vibration
thereof, and, when the area of thessurface is not greater than 70,000
(mm?2), the first control means controls the frequency so as not ®0B&0309
higher than 100 (Hz), and the second control means controls the 5
amplitude so as to be in the rang@Ama 1 (mm) to 3 (mm). 8. The gas
ejector according to Claim 7, wherein the second control means controls

Ythe AmPfittideSS 58 To B THE Faride 1BAT 1.5(%iny (373 bifn). 9. The
con@RS gigetor aceqrding.to; Claigk2wherainghe JA.Vibrator hasqa surgee

extending substantially orthogonal to the direction of vibration thereof,
e] earid,rwhen the mrea B thecsurfacarissadtigre afdrottianuz® 000mm?2), the

first control means controls the_ frequency so, as not to be highe
i i %e vggrator ali&%s sgﬁnd waves resp ct{vely

generated upon -eiection of the gas to weaken each other; and
first control means for controlling the freqguency of the
vibration ¢f the vibrator.

2. 'The gas ejector according te Claim i, further
comprising second control means for contrelling the
amplitude of the vibrator.

3. The gas ejector according to Claim 1, wherein the
vibrator has the lowest resonant frequency not higher than
2090 (Hz).

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

5. The gas ejector accoﬁding to Ciaim 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 bhe
higher than 35 (Hz).

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

vibrator has a surface extending substantially orthogonal to



10

15

20

25

than 35 (Hz), and the second control means controls the 15 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 20 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 (mm2) to 70,000
(mm2). 12. The gas ejector according to Claim 11, wherein the area of
the surface of the vibrator is not-smdller than 25 2,000 (mm2) . - 38
S05P0309 13. The gas ejector according to Claim 2, wherein thé Yi3tad®
has a surface extending substantially orthogonal to the direction of
thejidratipntthereoff andhwhéisn, Whenahé frequbneyhdrivemby dyefirstt
control 5 means, the amplitude driven, hy second cqntrol means, and
h 2 (18 Sirtack A faapbittiol) T oty A (3] B gy, and C
cor{FYB2) ribenilde of AoX B XKe isgivgRdndhe sange tiem 1Q01000Hmymsss)
to 10,000,000 (mm3/s). 14. The gas ejector according to Claim 13,
thaghdf¥in &) 10 3afie"GrFASEBRE IS Erialfer tREATD0C006 ¥mhi 31 15.
amy 116,035 eJeCt0L aggording fo Gainy dn pherein.a, thprmal [esistange, of the
region between a heater, to which the gas ejected from the respective
sejectimg sgelorRS ésctor according to Claim 7, wherein the

second control means controls the amplitude so as to be in
the range from 1.5 {(mm) to 3 (mm).
9. The gas ejector according to Claim 2, wherein 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 freguency 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 ejectcr according to Claim 1, wherein the
vibrator has a surface extending substantially orthogonal to
the direction of vibration thereocf, 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 vibrator is not smaller than

2,000 {mm?).
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supplied, and gas surrounding the heater is not greater than 15 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). 16. The gas ejector
according to Claim 1, wherein the noise level is not higher than 25 (dBA).
20 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 (cm3). 18. The gas ejector according to Claim 1, wherein
the vibrator has an approximately symmetrical shape with respect 25 to a
plane extending orthogonal to the difection of - 39 S05P0309 vibration
thereof. 19. The gas ejector according to Claim 1, wherein a theffflaF 0309
resistance of the region between a heater, to which the gas is ejected

From thB5eSpEcHivs &jeRting CeXtidhRI5 thd dad Burroubfieete késter is
visotgseaierdhan 9,5 £KAY) - aacisedevel ala Resition.abuit & () awaye

from the sound source of the sound waves is not highéer than 30 (dBA),
thantl merenvelopé volbmetcantairing the respettive ejecting sections and

the rflleater IS nokgreaégr th{;\n 500 (cm3). 10 20. The gas ejector
accorditg Y CIat L WRerdin The Gibratot TirdtuBds Btfrstvibrator HavRRY:

ne#hsyIfage extendingierthegonal totherdirection-ef vibratiomtheseofs angd, 4
an asymmetrical shape with respect to the surface; and

the area of the surface are respectively defined by A (Hz},

B (mm), and C (mm’), the value of A x B x C is given in the

range from 100,000 (mm’/s) to 10,000,000 {(mm’/s).

14. The gas ejector aceording to Claim 13, wherein the
value of A x B x C is smaller than 200,000 (mr’/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 & noise level at a position about 1 (m) away
from the sound source of the sound waves is not higher than
30 (dBa).

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 I, wherein the
vibrator has an approximately symmetrical shape with respect

to a plane extending orthogonal te the direction of
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a second vibrator having substantially the same shape 15 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. 21. The
gas ejector according to Claim 1, wherein the respective ejecting sections
include a housing including a 20 plurality of chambers partitioned by the
vibrator such that the chambers adapted for ejecting the gas have
substantially the same volume as each other. 22. The gas ejector
according to Claim 1, wherein the éﬁsgective ejecting sections include a
housing including a 25 plurality of chambers partitioned by the vibrator
and - 40 S05P0309 adapted for ejecting the gas; and an actuat® > F0309
.,arranged outside the housing and adapted for driving the vibrator. 23.
Vlb?lha(}é%él e%{cetg?eag:iording to Claim 22, wherein the housing has a bore
sectiontextegadingiftemdhe014sice: b shereaf 16 af leastpne-efithe,
chambers, the gas ejector further comprising: a rod extending through the
thegiaseetivhdifd fiRed fo the \ilsaternss el panovelintelrally Withthach
tor..a partj I.Rrovi in the bore section so as 10
thicés%gpp%?t %qee%%'%f%!ﬁ@e I@e}gtérg%%csg S\?i%%%%clﬁalencg at least S%é%nesa{ter
andanghat least oneddbratah comprisingia ploraliprebejecting SeCions (x/w) ,

adapted for ejecting
a noise level at a position about 1 (m} away from the sound

source 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®).

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 so 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 volume as each other,

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

plurality of chambers partitioned by the vibrator and
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gas in a form of a pulsating flow such that vibration of the 15 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. 25. A gas ejecting method, comprising the steps
of: 20 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 vibrator. 40 -

S05P0309

adapted for ejecting the gas; and an actuator arranged
outside the housing and adapted for driving the vibrator.

23. 'The gas ejecter according to Claim 22, wherein the
housing has 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. An electronic device inciuding 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

contrel means for controlling the freguency of the
vibration of the vibrator.

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 contrelling the frequency of the vibration

of the vibrator.



