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[571 ABSTRACT

A small and simple system is provided for cooling or

heating a small component by flowing air or other fluid
over it, which does not require any macroscopic mov-

ing parts. The system includes a transducer and reflec-
tor that are spaced apart with the component between
them, and with the transducer being operated at a fre-
quency resonant to the spacing between it and the re-
flector. The resulting standing wave pattern produces
acoustic streaming which results in the circulating of air
or other fluid in the environment across the component.
The system is especially useful in the reduced gravity
environment of outer space because of the absence of
any buoyancy-induced convection there.

12 Claims, 1 Drawing Sheet
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ACOUSTIC CONVECTIVE SYSTEM

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-

ject to the provisions of Public Law 96-517 (35 USC
202) in which the Contractor has elected not to retain
the title.

BACKGROUND OF THE INVENTION

The cooling or heating of small electrical or mechani-

cal components, is often accomplished by using flows of
air or other fluid (gaseous or liquid) in the environment
around the component. Natural convective currents

occur in a gravity environment (on the Earth) due to
the difference in densities of fluids at different tempera-
tures, while fans are sometimes used for forced convec-

tion. In the reduced gravity environment of outer space,
natural convection is minimal, leading to over heating

(or under cooling) of components, and lower rates of
drying or adsorption of samples. Fans can be used, but
they have the disadvantage of causing low frequency

vibrations that are difficult to damp, and cannot easily

be used in very small volumes. One example of a situa-
tion where localized cooling is required, is in the en-

hanced cooling of one or only a few components of an
electronic circuit board. A small device for creating
convective current can save weight, space, and energy

requirements in cooling components and in other appli-
cations.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present

invention, a simple system is provided for controlling

the temperature of a component lying in a fluid environ-
ment. The system includes a sound transducer spaced

from the component and having a transducer surface
facing the component. A sonic reflecting surface is
spaced from the transducer surface at least as far as the
component. The transducer is driven to direct sound at

the reflecting surface, with the sound having a wave-
length that produces a high intensity standing wave
pattern in the space between the surfaces. The high

intensity standing wave pattern results in acoustic

streaming, which is the movement of air between the
surfaces, to provide convective cooling for the compo-
nent. The reflecting surface can be a separate reflector
positioned with the component between the reflector
and transducer, or the reflecting surface can be a sur-

face on the component.
A separate reflector can be cooled or heated, to cool

or heat air passing by it which then flows to the compo-
nent. A separate reflector can be formed by a second

transducer driven in synchronism with the first trans-
ducer, but with a generally 0" or 180 ° phase difference,
depending upon the resonant mode of the standing
wave pattern. The creation of convection currents is

useful in applications other than heating and cooling, as
in enhancing adsorption or desorption from a sample.

The novel features of the invention are set forth with

particularity in the appended claims. The invention will
be best understood from the following description when

read in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a perspective view of a temperature control-
ling system constructed in accordance with one era-

5 bodiment of the present invention.

FIG. 2 is a plan view of the system of FIG. 1:
FIG. 3 is a sectional side view of the system of FIG.

1.
FIG. 4 is a perspective view of a temperature control

i0 system constructed in accordance with another embodi-
ment of the invention, wherein two synchronized trans-

ducers are employed.
FIG. 5 is a perspective view of a control system con-

structed in accordance with another embodiment of the

15 invention, wherein a standing wave pattern is estab-
lished between a transducer and a component.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

20 FIG. 1 illustrates a system 10 for cooling an elec-

tronic circuit component 12 which is a part of an elec-
tronic circuit board device 14 which includes a board

and various electronic circuit components, and wherein

the component 12 requires more cooling than most of
25 the board device. For example, the component can be a

high density integrated circuit which consumes consid-
erable power in a small space and whose temperature
must not be allowed to rise more than a limited amount

above ambient temperature. The system includes a30
sound transducer 16 mounted on the circuit board de-

vice and spaced from the component and having a
transducer surface 18 generally facing the component.
A reflector 20 is spaced from the transducer surface in

35 generally the same direction as the component. The
reflector includes a sonic reflecting surface 22 facing
the transducer surface. An oscillator 24 drives the trans-

ducer to vibrate its surface lg towards and away from
the reflecting surface 22.

40 The frequency of the oscillator 24 is chosen so the
wavelength of sonic energy is resonant to the spacing S
(FIG. 2) between the surfaces 18, 22. This results in the
creation of an acoustic standing wave pattern in the
fluid medium such as air 25 lying in the space 26 be-

45 tween the surfaces, and the creation of acoustic stream-
ing, or convective air flows in this space. FIG. 2 shows
a pattern 30 of air flows, the air flowing in two vortexes
20a, 30b. The vortexes create air flows along each of the
surfaces 18, 22 towards a center plane 32, generally

50 along or near the center plane 32 across the space from
one surface to the other, away from the center plane
along the other surface, and then again across the space
26. A secondary set of vortexes 34 forms around the
sample. By placing the component 12 near the center

55 plane 32 that bisects the surfaces 18, 22 the component
is placed in a region of the highest velocity of air flow.

In order to establish an acoustic standing wave pat-
tern in the space 26 between the transducer and reflect-
ing surfaces, the wavelength L of acoustic waves is

60 chosen so that the spacing S between the surfaces is
substantially equal to nL/2, where n is an integer. For a
spacing S of 1.2 cm between the surfaces in air at room
temperature and pressure, where the velocity of air is
about 340 meters per second, a frequency of about 15

65 KHz is the lowest resonant frequency or resonant
mode. Higher resonant modes such as about 30 KHz or
45 KHz are also effective in generating convective
flow.



3
4,858,717

4
The cooling system is especially useful in outer space

vehicles, where the very low gravity results in almost
no natural convective flow. In space vehicles, the low

frequency vibrations of a cooling fan or blower would
be deleteriousbecause itisdifficultto damp such low
frequencies to prevent them from affecting deficate
instruments on the spacecraft. Where the component to
be cooled is small, the transducer and reflector can also
be of very small size, to minimize the required weight,

and power consumption of the cooling system.

In FIGS. 1-3, the cooling system includes only two

fiat (or slightly curved) surfaces 18, 22 that face each
other. The component 12 has a heated portion 12h
(FIG. 3) lying above (on one side of) the plane 27 of the
circuit board upper wall surface 28, and the transducer
and reflecting surfaces lie in parallel planes I_, 22p
extending perpendicular to the wall surface plane. It
should be realized that a variety of acoustic modes can
be established, using curved surfaces, and with more
than two wails, although there is generally no need to
resort to such complex acoustic systems. In any of such
systems, the obtaining of substantial acoustic streaming,
or convective flow, requires the production of an acous-
tic standing wave pattern by driving a transducer at a
frequency which is resonant to the system.

Additional cooling of the component 12 can be ob-
tained by cooling one of the surfaces 18, 22 to a temper-

ature below ambient temperature. FIG. 2 illustrates
such a cooling arrangement, which includes an elec-
tronic cooling module 40 energized by a refrigeration
circuit 42. The cooling module 40 is coupled to the
reflector 20 to cool it, so that air passing along the re-
flector surface 22 is cooled before leaving the surface to
pass across the component. While it is sometimes possi-
ble to couple a cooling system such as the module 40

directly to the component 12, it is often desirable to

provide a space between them to avoid the possibility of
short circuiting. The coupling through convective air
currents provides cooling from a distance.

While air is the most common fluid or medium in the

enyironment, the use of souically generated convective
currents can be employed in a wide variety of fluids,

including liquids as well as a variety of gases. There are
some applications where it is desirable to heat a cooled

component. The same system can be used, with en-
hanced heating obtained by heating the reflector 20. It
is possible to cool or heat the transducer 16 and/or the
reflector 20.

FIG. 4 illustrates another system SO where the reflec-
tor is in the form of a second transducer S2 with a sur-

face 54 facing the first transducer surface 18. A driving
circuit or oscillator 56 is coupled to both of the acoustic
transducers 16, 52 to drive them in synchronism. Where
the spacing S between transducers equals one half of the
wavelength of the sound, or an odd multiple thereof,
the two transducers are driven at a phase difference of
about 180" (so as the surface 18 is moving towards the
component, the surface M of the other transducer is

moving away from it). Such 180" phase shift can be
accomplished through proper connection of the termi-
nals 60, 62 of one of the transducers relative to the

terminals of the other, or by introducing a 180" phase
shift subcircuit 64. For a spacing S equal to an even
multiple of the wavelength, the transducers can be
driven at substantially the same phase. The use of two

transducers results in a more intense standing wave

pattern and more rapid air or other fluid flow past the
component.

FIG. 5 illustrates a system 70 where the component
72 to be cooled or heated (or dried, etc.) has a surface 74
of sufficient extent to serve as an acoustic surface for the
acoustic reflective flow of air. The transducer 16 is

5 positioned so its transducer surface 18 faces the compo-
nent surface 74. In this case, the component surface 74
is cooled by the flow of air along it before the air is
diverted through the space 76 between the two sur-
faces.

I0 Applicant has constructed and tested a system of the
type shown in FIGS. 1-3, to cool a thermistor at vari-
ous temperatures between about 100" C. and 600" C. A
substantial drop is thermistor temperature was recorded
with the sound on, as compared to when the sound was

15 off.

The temperature control systems of the present in-
vention are useful not only with electronic and mechan-
ical components to be cooled or heated, but also to

produce convective flow across samples for other pur-

20 poses. For example, the convective flow can enhance
out gasing or absorption of solvents in liquid-gas, solid-
gas, and liquid-liquid systems. The system is also useful

in heating and cooling such samples.
Thus, the invention provides a method and apparatus

25 for producing enhanced convective flow across a com-

ponent, so as to cool the component, heat it, or produce
convective flow for other purposes. The system in-
cludes an acoustic transducer with a surface generally
facing the component, and means forming a reflective

30 surface at least as far from the transducer surface as the

component. The transducer is driven at a frequency
which produces a standing wave pattern in the space
between the surfaces, to produce acoustic streaming, or
fluid flow in that space. The reflecting surface can be

35 the surface of a separate reflector placed so the compo-
nent lies between the transducer and reflecting surfaces.
Where the component has an appropriate surface, it can

be used as the reflecting surface. Either the transducer

surface or the reflecting surface of a separate reflector
40 can be cooled or heated to enhance convective cooling

or heating. Two transducers driven in synchronism can

be used to enhance convective cooling of a component
between them.

Although particular embodiments of the invention

45 have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art and consequently it is
intended to cover such modifications and equivalents.

What is claimed is:

50 1. Apparatus for cooling an electronic circuit compo-

nent by producing a convective flow of fluid past the
component while it lies in an environment of said fluid

comprising:

a sound transducer spaced from said circuit compo-

55 nent and having a transducer surface generally
facing in a predetermined direction toward said
component;

means forming a sonic reflecting surface spaced gen-
erally in said predetermined direction from said

60 transducer, at least as far as said component;
means for driving said transducer at a frequency

which produces an acoustic standing wave pattern
in the space between s_d surfaces.

2. The apparatus described in claim 1 including:
65 a circuit board, said circuit component lying on said

circuit board and said transducer and said means
forming a reflecting surface lying on said circuit

board on opposite sides of said circuit component.
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3. The apparatus described in claim 1 wherein:
said means forming a sonic reflecting surface com-

prises a reflector spaced further from said trans-

ducer surface than said component, said compo-

nent lyingbetween saidtransducersurfaceand said

sonic reflecting surface; and

means for cooling said reflector below the tempera-
ture of said fluid.

4. The apparatus described in claim I including:

means for cooling said transducer surfacebelow the

temperature of said fluid.

5. The apparatus described in claim 1 wherein:
saidcircuitcomponent has a surfacethat forms said

sonic reflecting surface, and substantially all of the

energy of said acoustic standing wave pattern lies

in the space between said circuit component and
said transducer.

6. The apparatus described in claim 1 wherein:
said means forming a sonic reflecting surface com-

prises a second sound transducer spaced further
from said first named transducer than said compo-

nent, with said component lying between said
transducers;

said spacing between said transducers is substantially
equal to nL/2, where L is the wavelength of sound
in said fluid at said frequency and n is an integer.

said driving means energizes said second transducer
in synchronism with said first transducer, with a
phase difference between them equal to substan-
tially 180" where n is odd and equal to substantially
0" where n is even.

7. Apparatus for cooling a heated electronic compo-
nent which ispartof a circuitboard device lying in a

fluid environment comprising:
a sonic transducer mounted on said circuitboard

device and spaced from said component and hav-
ing a transducersurface;

means mounted on said circuitboard device forming

a reflectorsurfacelyingon a side of saidcompo-
nent opposite saidtransducer;

means for energizing said transducer at a frequency
which is resonant to the spacing between said sur-

faces to establish a standing wave pattern in the
space between said surfaces.

8. The apparatus described in claim 7 wherein:
said circuit board device has a board with a board

5 surface lying substantially in a first plane, said com-

ponent having a heated portion lying above said
plane;

said transducer and reflecting surfaces lie in substan-
tially parallel second and third planes perpendicu-

I0 lax to said first plane.

9. A method for producing convective flow of a fluid

past a circuit component of a circuit device lying in a
fluid medium comprising:

establishing a transducer having a transducer surface

15 and a reflector having a reflective surface, at a
predetermined spacing distance with said surfaces
facing each other, and with said surfaces on oppo-

site sides of said circuit component;
energizing said transducer to produce sound waves of

20 a wavelength resonant to said spacing distance.
10. The method described in claim 9 including:

means for cooling one of said surfaces to a tempera-
ture below ambient fluid medium temperature.

11. The method described in claim 9 including:
25 vibrating said reflective surface in synchronism with

said transducer and at a relative phase which in-
creases the intensity of acoustic energy in the space
between said surfaces.

12. A method for establishing a convective flow of

30 fluid across a circuit component of a circuit device
which has a sonic reflecting surface, comprising:

establishing a sonic transducer having a transducer
surface, at a predetermined spacing from said com-
ponent reflecting surface with said transducer sur-

35 face facing said reflecting surface;
producing an acoustic standing wave pattern whose

acoustic energy lies substantially solely between

said transducer and said circuit component, includ-
ing energizing said transducer to vibrate said trans-

40 ducer surface at a frequency which produces sound

waves of a wavelength substantially resonant to
said spacing.
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