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(57) ABSTRACT

A convective cooling apparatus cools an electronic device
including at least one heat-generating component and
enclosed 1n a case having cooling medium such as air or
fluid therein. The convective cooling apparatus neither
attempts to increase the velocity of flow 1n the cooling
medium nor replaces the cooling medium with other mate-
rial as prior art cooling apparatus did. Instead, it utilizes the
instability which 1s inherent in the flow of the cooling
medium. In the convective cooling apparatus, by using a
driver for generating a signal tuned to the characteristic fre-
quency of the tlow, a an acoustic vibrator 1s driven to provide
acoustic waves. The acoustic waves induce resonance of
flow, which renders the cooling medium vigorously mixed,
which, 1n turn, enhances the heat dissipation from the
device.

30 Claims, 6 Drawing Sheets
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Fig. 7
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1
ACOUSTIC CONVECTION APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an acoustic convection
apparatus for use 1n a system where uniform distribution of
heat and density 1s needed and to a convective cooling at
apparatus for cooling heat-generating components in elec-
tronic or electrical devices.

2. Description of the Related Art

As electronic devices become more complex and highly
integrated, much effort has been made to improve the perfor-
mance of apparatus for cooling such devices. To enhance the
ability to dissipate heat from an electronic devices, such as
computers or communication equipments, which contain
many heat-generating components, heat should be forcibly
transierred from the components to the surrounding cooling
medium. As the electronic devices become more compact,
passages of the cooling medium become narrower, thereby
slowing the flow of the cooling medium. Moreover, 1n nar-
row passages, there exists only laminar flow without eddies.
With the laminar flow, the cooling fluid 1s not actively
mixed, which in turn prevents etficient convective heat trans-
fer from the components to the cooling medium.

There have been several attempts to solve this problem.
One of them 1s so called forced convection, which 1s to
increase the velocity of the cooling medium by using a cool-
ing fan or a pump. As the heat generation from the electronic
components increases, the air flow rate should be increased
by using a high powered fan or a pump. However, such a
cooling system induces high power consumption and noise.
Moreover, a fan or a pump cannot be easily used 1n very
small devices.

Another approach 1s to shift the movement of the fluid
from laminar to turbulent flow by adding turbulence-
inducing material. However, these methods may suffer from
noise and low reliance. The fan used for the cooling applica-
tion 1s also being employed to enhance fluid mixing in ther-
mal systems such as an oven, a furnace, a drying machine or
a refrigerator. Air flow generated from the fan makes the
distribution of temperature or density uniform to a certain
degree. However, such a system also shows low elliciency
because the air flow may not be uniform.

SUMMARY OF THE INVENTION

An object of the present invention 1s therefore to provide a
convection apparatus which reduces the nonuniformity of air
flow 1n a space where uniform distribution of temperature
and density 1s needed, thereby improving the efficiency of an
overall system disposed 1n the space.

Another object of the present mvention 1s to provide a
convective cooling apparatus for effective heat dissipation
from electronic devices, which are compact and light-
weilghted.

In accordance with an aspect of the present imvention,
there 1s provided a convection apparatus for providing con-
vective tlow of medium 1n a system, which comprises a
driver for generating a driving signal with a predetermined
frequency and a vibrator, in response to the driving signal,
for generating acoustic waves to an interior of said system.
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In accordance with another aspect of the present
invention, there 1s provided a convective cooling apparatus
for cooling an electronic device including at least one heat-
generating component and enclosed 1n a case having cooling
medium therein. The convective cooling apparatus of the
present invention neither attempts to imncrease the velocity of
flow 1n the cooling fluid nor replaces the cooling medium
with other material as prior art cooling apparatus did.
Instead, 1t utilizes the hydraulic mstability which i1s inherent
in the flow of the cooling medium. In the convective cooling
apparatus of the present invention, by using a driver for gen-
crating a signal tuned to a characteristic frequency of tlow,
an acoustic vibrator 1s driven to provide acoustic waves. The
acoustic waves induce resonance 1n flow, which renders the
cooling fluid vigorously mixed, which, 1n turn, enhances the
heat dissipation from the device.

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned aspect and other features of the
invention are explained in the following description, taken 1n
conjunction with the accompanying drawings wherein:

FIG. 1 shows a front view and a block diagram of an
acoustic convection apparatus of the present invention;

FIG. 2 shows a front and a side views of a convection oven
where the acoustic convection apparatus of the present
invention 1s installed;

FIG. 3 shows temperature transition of the upper and
lower parts of the convection oven shown 1n FIG. 2;

FIG. 4 shows a block diagram of a convective cooling
device 1n accordance the present invention;

FIG. 5 shows a block diagram of a convective cooling
device of the present invention for use 1n an electric appli-
ances whose characteristic frequency of tlow does not vary
much:;

FIG. 6 shows temperature change of a heat-generating
component when acoustic waves of 20 Hz 1s applied thereto;

FIG. 7 shows temperature change of a heat-generating
component when acoustic waves of 50 Hz 1s applied thereto;

FIG. 8 shows temperature change of a heat-generating
component when acoustic waves of 100 Hz 1s applied
thereto;

FIG. 9 shows the relationship between the frequency of
the acoustic waves and rate of temperature change resulting,
from the application of the acoustic waves;

FIG. 10 shows the relationship between the amplitude of
the driving signal and rate of temperature change resulting
from the application of the acoustic waves; and

FIG. 11 shows a map of the rate of temperature change
obtained by varying the amplitude of a driving signal and the
frequency of acoustic waves.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a front view and a block diagram of an
acoustic convection apparatus of the present invention. The
acoustic convection apparatus comprises a vibrator 4 and a
driver 3 including a signal generator 1 and an amplifier 2.
Preferably, the signal generator 1 and the amplifier 2 are
designed as one integrated electronic circuit. The vibrator 4
can be implemented using an acoustic speaker which can
casily generate acoustic pressure signals. Alternatively, a
membrane or a piston which vibrates periodically by a motor
may be used.

The signal generator 1 provides a time-periodic electrical
signal such as a sinusoidal, sawtooth or rectangular wave.
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The generated signal 1s voltage and current amplified 1n the
amplifier 2. The amplified signal 1s sent to the vibrator 4 as a
driving signal which drives the vibrator 4 to generate time-
periodic acoustic waves. When a user turns on a switch (not
shown) of the convection apparatus, the driving signal 1s
provided from the driver 3 to the vibrator 4. In response, the
vibrator 4 provides acoustic waves which cause an acoustic
convection by which one can obtain uniform distribution of

heat and density 1n a space where the convection apparatus 1s
located.

In the signal generator 1, the frequency of the time-
periodic signal may be determined 1n a couple of ways
which will be described 1n detail with reference to FIGS. 4
and 5. Brietly, the frequency may be fixed before operating
the convection apparatus or may be modified 1n real-time
during operation.

FIG. 2 shows front and side views of a convection oven
where an acoustic convection apparatus of the present mven-
tion 1s installed. A convection oven 1s built by installing a
convection apparatus in an ordinary gas or electric oven. The
convection apparatus improves the efficiency of the oven by
circulating air therein.

An acoustic vibrator 5 1s located on the inner wall near the
center of the oven so that 1t can provide acoustic waves to the
interior of the oven 9. A driver 7 1s built on a control board at
the upper part of the oven. When a convection switch 6 1s
turned on, the driver 7 provides a driving signal to the acous-
tic vibrator S. The acoustic vibrator 5 then provides acoustic
waves to the interior of the oven 9, thereby making the heat
distribution 1n the oven uniform.

FIG. 3 shows the result of an experiment for testing the
convection apparatus of the present invention. Specifically, 1t
1s a graph representing temperature transitions of upper and
lower parts of a convection oven provided with the convec-
tion apparatus of the present invention. Before the convec-
tion apparatus was turned on, the temperature difference
between the upper and the lower parts of the oven was about
25° C. After the convection apparatus was turned on after 5
minutes, the temperature difference 1s reduced to less than 1°
C. 1n a minute. On turning oif the convection apparatus after
20 minutes, the temperatures returned to the 1nitial values so
that the air 1n the oven assumed stratified temperature distri-
bution.

By inducing uniform distribution of heat and density, the
convection apparatus of the present invention increases the
eificiency and thus reduces the energy consumption of a
system where 1t 1s used. The convection apparatus may be
applied to a refrnigerator, a freezer, a drying machine or a
welding furnace to improve the efliciency thereof. It may
also be used to improve the air distribution of an air-
conditioned space.

The convection apparatus described above can be used for
cooling electronic devices. The convection apparatus pro-
vides cooling effects by increasing the convective flow of
cooling medium over heat-generating components in such
devices. FIG. 4 shows one embodiment of such cooling
apparatus. Specifically, FIG. 4 shows a convective cooling
apparatus 10 for an electronic device where the frequency of
the driving signal 1s determined according to a characteristic
frequency of the electronic device.

In FIG. 4, the electronic device 1s enclosed 1n a case 17
and includes a heat-generating component 18 such as a CPU
of a computer. An openming 19 1s built 1n a side wall of the
case 17 to allow air flow from the interior of the case to the
outside.

The cooling apparatus 10 includes a signal detector 11 for
receiving a tlow signal from the cooling medium in the case
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17, a driver 20 for generating a driving signal, an acoustic
vibrator 16 for providing acoustic waves to the interior of the
case 17 1n response to the driving signal. In household elec-
tronic devices, the cooling medium would typically be atr.

The signal detector 11 1s disposed near the heat-
generating component 18 to receive a tlow signal, 1.e., a
signal induced by the flow of the cooling medium in the case
17. The signal detector 11 may comprise at least one of a
velocity, a temperature, a pressure and a density sensors.

The tlow signal detected at the signal detector 11 1s sent to
the driver 20 which includes a frequency analyzer 12 for
analyzing the tlow signal to determine a characteristic fre-
quency of flow, a frequency synchronizer 13 for providing a
frequency signal which represents the characteristic ire-
quency determined 1n the frequency analyzer 12, a signal
generator 14 for generating the driving signal 1n response to
the frequency signal, and an amplifier 15 for amplifying the
driving signal.

Specifically, the flow signal 1s first sent to the frequency
analyzer 12 which analyzes the frequency components of the
flow signal by using the fast fourier transform and detect a
characteristic frequency of flow, 1.e., a dominant frequency
among the analyzed frequency components of the flow sig-
nal.

The characteristic frequency detected 1n the frequency
analyzer 12 1s provided to the frequency synchronizer 13
which provides the frequency signal, 1.e., a signal represent-
ing the characteristic frequency, to the signal generator 14.
The frequency signal may have any format as long as it
conforms with an input of the signal generator 14.

The signal generator 14 generates the driving signal 1n
response to the frequency signal. The driving signal may be
any signal having the characteristic frequency, such as a sine
wave, a sawtooth wave, or a rectangular wave, although a
sine wave 1s preferred to minimize noises generated from the
apparatus 10. The driving signal 1s amplified at the amplifier
15 and then fed to the acoustic vibrator 16.

The acoustic vibrator 16 generates acoustic waves having,
the characteristic frequency of tlow 1n response to the ampli-
fied driving signal. The acoustic vibrator 16 may be 1mple-
mented by using an acoustic speaker capable of easily gen-
erating acoustic waves. Alternatively, a piston, a cam, a
membrane or a tlap associated with a motor may perform the
same function. The acoustic waves cause a resonance 1n the
flow within the case 17, which activates heat transter from
the heat-generating component 11 to the ambient atmo-
sphere through the heat dissipating opening 19. The acoustic
vibrator 16 may be located 1n any wall of the case as long as
the acoustic waves are directed to the interior of the case 17.
Alternatively, a small acoustic vibrator may be placed near
the heat-generating component 18.

FIG. 5 shows another embodiment of a cooling apparatus
employing the iventive convection apparatus for use 1n an
clectronic device where the characteristic frequency of flow
does not vary much 1n time. The cooling apparatus 30 shown
in FIG. 5 includes a signal generator 21, an amplifier 22 and
an acoustic vibrator 23. In case the amount of heat generated
at an electronic device does not vary much 1n time, the char-
acteristic frequency of flow does not change much, either. In
this case, the characteristic frequency may be set to a prede-
termined value without dynamaically changing 1t in real-time.
In the cooling apparatus 30, the signal generator 21 1s preset
to generate a driving signal having the predetermined fre-
quency. Therefore, the cooling device 30 does not include
such elements as a signal detector, a frequency analyzer and
a frequency synchronizer which are employed 1n the cooling
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apparatus 10 to determine the characteristic frequency and
inform 1t to the signal generator 14. The driving signal 1s fed
to the amplifier 22 and then to the acoustic vibrator 23,
which provides acoustic waves to the interior of a case 24 of
the electronic device. Then, like the cooling apparatus 10
shown 1n FIG. 4, a resonance occurs 1n the case 24 and heat
dissipation from a heat-generating component 235 to the
ambient atmosphere through a heat dissipating opening 26 1s
improved.

In the cooling apparatus 10 or 30, the characteristic ire-
quency of flow 1s less than several hundred Hz which 1is
much lower than the mechanical resonant frequency of the
clectronic appliances. Thus, the application of the acoustic
waves does not have an adverse eflect on the structural sta-
bility of the devices. Moreover, compared with prior art
cooling apparatus employing a fan to promote the movement
of the cooling medium, the apparatus of the present mven-
tion produces less noise and can be built more compactly.

To find out the performance of the cooling apparatus of
the present mvention, experiments were conducted using an
clectronic device having a heat-generating component and
including the cooling apparatus of the present invention.
FIG. 6 to FIG. 11 show the temperature change of the heat-
generating component when acoustic waves of various Ire-
quencies and amplitudes are applied to the heat-generating
component by the cooling apparatus.

First, FIGS. 6, 7 and 8 depict the effect of application of
acoustic waves whose vibrating frequencies are 20 Hz, 50
Hz and 100 Hz, respectively. FIG. 6 shows that the tempera-
ture of the component 1s 1nitially 88° C. and 1s reduced by 10
on degrees after applying the acoustic waves for 10 minutes.
FIG. 7 also shows that the temperature 1s reduced below 70°
C. after 10 minutes of acoustic wave application. After the
acoustic wave application was suspended, the temperature of
the component went back up to the mnitial value. FIG. 8
shows that 100 Hz wave has little effect on the cooling of the
component. FIGS. 6 to 8 indicate that there 1s an optimal
frequency for cooling a heat-generating component by
inducing a resonance of tlow.

FIG. 9 shows the relationship between the frequency of
the acoustic waves and rate of temperature change. It shows
that the maximum reduction of temperature of the heat-
generating component 1s 12 percent when the frequency of
the acoustic waves 1s around 50 Hz.

To find out the etfect of the amplitude of the driving signal
on the temperature change, the cooling apparatus was oper-
ated with a fixed frequency of 50 Hz while varying the
amplitude of the signal fed to the acoustic vibrator. Rate of
temperature change 1s depicted 1n FIG. 10 which indicates
that the maximum reduction of temperature 1s around 16

Volt.

The effects of the frequency and amplitude of a driving
signal on the temperature change 1s summarized 1n FIG. 11
which shows the distribution of the rate of temperature
change when varying the frequency and amplitude of a driv-
ing signal. The frequency and amplitude for obtaining maxi-
mum temperature change depend upon characteristics of
cach electronic devices such as size or shape, efc.

The cooling apparatus of the present invention can be eas-
1ly incorporated into portable computers and communication
devices having very small space inside. The cooling appara-
tus can be easily optimized to provide maximum cooling
elfects by adjusting a vibrating frequency. While a number
of fans are needed to effectively cool a device having many
heat-generating components, one cooling apparatus of the
present invention 1s suilicient to cool such a device. In sum,
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6

the apparatus of the present mvention provides improved
cooling performance while allowing the devices to become
smaller, lighter and less noisy.

The cooling apparatus of the present invention can also be
used 1n a power converter and an atomic reactor where cool-
ing performance has a critical impact on the operation and
satety of the overall system. It can also be employed 1n a heat
exchanger for chemical processes, a refrigerating and air-
conditioming system, and a radiator system for heating and
cooling a building.

The present mvention has been described with reference
to a particular embodiment 1n connection with a particular
application. Those having ordinary skill in the art and access
to the teachings of the present invention will recognize addi-
tional modifications and applications within the scope of the
present mvention. It 1s therefore mtended by the appended
claims to cover any and all such applications, modifications,
and embodiments within the scope of the present invention.

What 1s claimed 1s:

1. An apparatus for promoting the cooling of an electronic
device enclosing at least one heat-generating component,
comprising;

a signal detector for receiving a flow signal of a cooling

medium 1nside the electronic device:

a driver, 1n response to the flow signal from the signal
detector, for providing a driving signal whose 1fre-
quency 1s synchronized with a characteristic frequency
of the flow of the cooling medium, wherein said charac-
teristic frequency 1s a dominant frequency among ana-
lyzed frequency components of a flow signal of the
heat-absorbing medium; and

a vibrator, 1n response to the driving signal, for generating
an acoustic wave to an interior of the electronic device,

wherein the driver includes:

a frequency analyzer for detecting the characteristic
frequency of the flow of the cooling medium based
on the flow signal;

a frequency synchronizer for providing a frequency sig-
nal which represents the detected characteristic fre-
quency;

a signal generator, in response to the frequency signal
from the frequency synchromizer, for providing the
driving signal; and

an amplifier for amplifying the driving signal to a pre-
defined level.

2. The apparatus of claim 1, wherein the signal detector
includes at least one of velocity, temperature, pressure, and
density sensing means with respect to the cooling medium.

3. An apparatus to promote the cooling of a convection
device enclosing at least one heat-generating component
and a heat-absorbing medium, comprising:

a signal detector to receive a flow signal of the heat-
absorbing medium,

a driver, in response to the flow signal from the signal
detector, to provide a driving signal having a predeter-
mined frequency synchronized in accordance with a
characteristic frequency of a flow of the heat-absorbing
medium, and including an amplifier to amplify the driv-
ing signal to a predefined level; and

a vibrator to genervate and apply an acoustic wave to the
heat-absorbing medium contained in an interior of the
convection device in vesponse to the amplified driving
signal,

wherein the convection device comprises a heat dissipat-
ing opening formed therein to dissipate heat generated
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by the at least one heat-generating component to ambi-
ent atmosphere according to the acoustic wave gener-
ated by the vibrator and the driving signal of the driver.

4. The apparatus of claim 3, wherein the predetermined
frequency is determined in accovdance with at least one of a
size and a shape of the convection device.

5. A temperature control apparatus to control temperature
within a convection device having a case and a heat-
absorbing medium within the case, the temperature control
apparatius COmprising:

a signal detector that detects a flow signal of the heat-

absorbing medium;

a driver to generate a driving signal with a predetermined
frequency in vesponse to the flow signal detected, the
predetermined frequency being determined in accor-
dance with a characteristic frequency of the flow signal
of the heat-absorbing medium, and including an ampli-
fier to amplify the driving signal when necessary;,

a heat dissipating opening provided through a wall of the
case; and

an acoustic vibrator that generates acoustic waves and
applies the acoustic waves to the heat-absorbing
medium using the genevated driving signal of the driver
to activate heat transfer from the heat-absorbing
medium to ambient atmosphere through the heat dissi-
pating opening.

6. The temperature control apparatus of claim 5, wherein
the signal detector detects at least one of velocity,
temperature, pressurve and density of air.

7. The temperaturve control apparatus of claim 5, wherein
the drviver comprises:

a frequency analyzer that analyzes the flow signal

detected and determines a characteristic frequency of

the flow signal detected by the signal detector;

a frequency synchronizer that provides a frequency signal
representing a characteristic frequency determined in

the frequency analyzer,

a signal generator that genervates the drive signal in
response to the frequency signal; and

the amplifier that amplifies the drive signal to a predeter-
mined level.

8. A convection apparatus to enhance a convective flow of

a heat-absorbing medium in a housing theveof, the convec-
tion apparatus comprising.:

a heat-generating component disposed in the housing;

a signal detector that detects a flow signal within the heat-
absorbing medium;

a heat dissipating opening provided through a portion of a
wall of the housing to dissipate heat thervein; and

a driver to generate a driving signal having a frequency

signal synchronized with a characteristic frequency of

the flow signal of the heat-absorbing medium based on
the flow signal, to generate a driving signal in vesponse
to the generated frequency signal, the driving signal
being synchronized with the characteristic frequency
detected, and including an amplifier to amplify the
driving signal and to drive an acoustic member using
the amplified driving signal; and

an acoustic vibrator to provide acoustic waves to the heat-
absorbing medium within the housing in response to
the drive signal to the driver to induce a uniform distvi-
bution of heat generated by the heat-generating compo-
nent to the heat-absorbing medium, the acoustic waves
activating heat transfer from the heat-absorbing
medium to ambient atmosphere through the heat dissi-

pating opening.

8

9. The convection apparatus of claim 8, wherein the signal
detector detects at least one of velocity, temperature, pres-
sure and density of air.

10. The convection apparatus of claim 9, wherein the

5 driver comprises:

a frequency analyvzer that analyzes the detected character-
istic of the heat-absorbing medium and determines a
characteristic frequency of the heat-absorbing

medium,

10 q frequency synchronizer that provides a frequency signal

representing the charvacteristic frequency determined
by the frequency analyzer; and

a signal generator that generates the drive signal in
response to the frequency signal from the frequency

15 :
synchronizer; and

the amplifier that amplifies the drive signal to a predeter-

mined level.

1. An acoustic comnvection apparatus having a heat-
generating component to heat a heat-absorbing medium
within a housing of the acoustic convection apparatus, the
acoustic convection apparatus comprising.

20

a heat dissipating opening in a wall of the housing,

a signal detector that detects a flow signal of the heat-

75 absorbing medium;

a driver to generate a driving signal having a frequency
synchronized with a characteristic frequency of the flow
signal of the heat-absorbing medium in accorvdance
with the characteristic frequency of the flow signal and
a characteristic of the heat dissipating opening, and
including an amplifier to amplify the driving signal;
and

30

a vibrator, in vesponse to the driving signal, to apply
acoustic waves to the heat-absorbing medium within

35 the housing,

wherein the heat-generating component, the acoustic
vibrator, and the heat dissipating opening arve spaced-
apart from each other by a predetermined distance to
maximize the heat transfer.
12. The acoustic convection apparatus of claim 11,
wherein the driver comprises.

40

an analyzer that analyzes the flow signal detected and
determines a characteristic of the flow signal detected

by the signal detector;

g synchronizer that provides a signal representing a char-

acteristic determined in the analyzer;

a signal gemerator that generates the drive signal in
response to the signal provided from the synchronizer;

and
50

the amplifier that amplifies the dvive signal to a predeter-
mined level.

13. A temperature control apparatus to enhance a convec-

tion flow of a heat-absorbing medium in a housing theveof,

55 the temperaturve control apparatus comprising:

a heat-generating component,

a heat dissipating opening provided through a wall of the
housing;
a signal detector to receive a flow signal of a heat-

60 absorbing medium of the housing,

a driver to generate a frequency signal synchronized with
a characteristic frequency of the heat-absorbing
medium, to generate a driving signal with a predeter-
mined frequency corresponding to the generated fre-
quency signal and a characteristic of the heat dissipat-
ing opening, and including an amplifier to amplify the
driving signal; and

65
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an acoustic vibrator that provides acoustic waves to the
heat-absorbing medium in response to the amplified
driving signal of the driver, the acoustic waves activat-
ing heat transfer from the heat-generating component
to the heat-absorbing medium and to ambient atmo-
sphere through the heat dissipating opening.

14. The temperature control apparatus of claim 13,

wherein the predetermined signal vepresents at least one of

velocity, temperature, pressure and density of a medium dis-
posed in the case.

15. The temperature control apparatus of claim 13,
wherein the driver comprises.

a frequency synchrvonizer that provides the frequency sig-
nal representing a characteristic frequency according
to the predetermined signal;

a signal generator that generates the drive signal in
response to the frequency signal; and

the amplifier that amplifies the drive signal to a predeter-

mined level.

16. The temperature control apparatus of claim 13,
wherein the predetermined signal represents at least one of a
size and a type of the case.

17. The temperature control apparatus of claim 13,
wherein the predetermined signal vepresents a temperature
corresponding to heat generated by the heat-generating
component.

18. An acoustic convection apparatus to enhance a con-
vective flow of a heat-absorbing medium in an enclosed
space of a housing, the acoustic convection apparatus com-
prising:

an opening provided in a first wall of the enclosed space;

a signal detector to detect a flow signal of a heat-

absorbing medium,

a driver to generate a frequency signal synchronized with
a characteristic frequency of the flow signal of the heat-
absorbing medium, to generate a driving signal with a
predetermined frequency in response to the frequency
signal, and including an amplifier to amplify the drive
signal; and

a vibrator to generate acoustic waves to the heat-
absorbing medium within the enclosed space according
to the driving signal, the acoustic waves activating heat
transfer from the heat-genervating component through
the heat-absorbing medium and to ambient atmosphere
through the opening,

whevrein:
the housing encloses the heat-generating component
and the heat-absorbing medium,
the characteristic frequency is a dominant frequency
among analyzed frequency components of the flow
signal of the heat-absorbing medium to substantially
encourage heat transfer from the at least one heat-
generating component to the heat-absorbing medium
and dissipate the transferved heat to the ambient
atmosphere through the opening,
the vibrator is provided between and spaced apart from
the heat-generating component and the opening, and
the acoustic waves activate heat transfer from the heat-
generating component to the ambient atmosphere
through the opening.
19. The acoustic convection apparatus of claim 18,
wherein the driver comprises.

a synchrvonizer that provides the frequency signal accord-
ing to the predetermined signal; and

a signal generator that generates the drive signal in
response to the frequency signal; and

5

10

15

20

25

30

35

40

45

50

55

60

65

10

the amplifier that amplifies the drive signal to a predeter-

mined level.

20. The acoustic convection apparatus of claim 18,
wherein the predetermined signal vepresents at least one of
velocity, temperature, pressure and density of a medium dis-
posed in the acoustic convection apparatus.

21. The acoustic convection apparatus of claim 18,
wherein the predetermined signal represents at least one of a
size and a type of the case.

22. The acoustic convection apparatus of claim 18,
wherein the predetermined signal vepresents a temperature
corresponding to heat generated by the heat-generating
component.

23. The acoustic convection apparatus of claim 18, fur-
ther comprising:

second and thivd walls to form the enclosed space with the

first wall,

wherein the heat-generating component is disposed on the
second wall, and the vibrator is disposed on the third
wall.

24. The acoustic convection apparatus of claim 23,
wherein the third wall is disposed between the wall and the
second wall.

23. The acoustic convection apparatus of claim 23,
wherein the first wall comprises a second opening through
which heat is transferrved to the enclosed space from the
heat-generating component.

26. The acoustic convection apparatus of claim 18,
wherein the vibrator generates the acoustic waves toward
the heat-absorbing medium disposed between the heat-
generating component and the opening to reduce a tempera-
ture difference of the heat-absorbing medium within the
enclosed space.

27. An apparatus to promote the cooling of an electronic
device enclosing at least one heat-genervating component,
COmprising.

a signal detector to receive a flow signal of a cooling

medium inside the electrvonic device;

a driver, in response to the flow signal from the signal
detector, to provide a driving signal whose frequently is
synchronized with a characteristic frequency of the flow
of the cooling medium, wherein said characteristic fre-
quency is a dominant frequency among analyzed fre-
quency components of the flow signal of the cooling
medium; and

a vibrator, in vesponse to the driving signal, to generate
an acoustic wave to an intervior of the electronic device,

wherein the driver includes one or more of the following:
a frequency analyzer to detect the characteristic fre-
quency of the flow of the cooling medium based on the
flow signal; a frequency synchronizer to provide a fre-
quency signal which represents the detected character-
istic frequency; a signal genervator, in response to the
frequency signal from the frequency synchronizer, to
provide the driving signal; and an amplifier to amplify
the driving signal to a predefined level.

28. The apparatus of claim 27, further comprising.

a heat dissipating opening formed to dissipate heat gener-
ated by the at least one heat-generating component to
ambient atmosphere according to the acoustic wave
generated by the vibrator.

29. An apparatus to promote the cooling of an electronic
device enclosing at least one heat-generating component,
COmprising:

a signal detector to receive a flow signal of a cooling

medium inside the electronic device;
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a driver, in response to the flow signal from the signal
detector, to provide a driving signal whose frequently is
synchronized with a characteristic frequency of the flow
of the cooling medium, wherein said characteristic fre-
quency is a dominant frequency among analyzed fre-
quency components of the flow signal of the cooling
medium; and

a vibrator, in vesponse to the driving signal, to generate
an acoustic wave to an interior of the electronic device,

wherein the driver includes a frequency synchronizer to

provide a frequency signal which represents the

detected characteristic frequency as the driving signal.

30. An apparatus to promote the cooling of an electronic

device enclosing at least one heat-generating component,
COmMprising:

10

12

a signal detector to receive a flow signal of a cooling

medium inside the electronic device;

a driver, in response to the flow signal from the signal

detector, to provide a driving signal whose frequently is
synchronized with a characteristic frequency of the flow
of the cooling medium, wherein said characteristic fre-
quency is a dominant frequency among analyzed fre-
quency components of the flow signal of the cooling
medium; and

a vibrator, in vesponse to the driving signal, to generate

an acoustic wave to an intervior of the electronic device,

wherein the driver includes a signal generator to generate

the driving signal in vesponse to a frequency signal
representing the characteristic frequency.
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