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SYSTEMS AND METHODS FOR SYNTHETIC
JET ENHANCED NATURAL COOLING

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; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

Notice: More than one reissue application has been filed
for the veissue of U.S. Pat. No. 7,990,705. The reissue
applications are U.S. application Ser. No. 13/956,904 (the
present veissue application), which is a reissue application
of U.S. Pat. No. 7,990,705, U.S. application Ser. No. 14/593,

087, which is a divisional reissue application of U.S. appli-
cation Ser. No. 13/956,904; and U.S. application Ser. Nos.

15/070427 and 15/070,483, which are divisional reissue
applications of U.S. application Ser. No. 14/593,087.

BACKGROUND OF THE INVENTION

This invention relates generally to component enclosures
and, more particularly, to systems and methods for enhanc-
ing natural convection cooling ol component enclosures.

In at least some known application areas, it 1s important
for components and systems to be light weight and reliable,
for example, systems, including the various digital and
power electronics systems that provide computational power
and electrical power to an aircraft. Passive cooling of
components 1s known to be reliable. However, passive
cooling 1s also the least eflective cooling method from a
cooling performance point of view, typically resulting 1n a
larger system for a given amount of cooling. Some options
that are used to extend the capability of passive cooling
include extended surfaces and new material with higher
thermal conductivity. Extended surfaces increase the heat
transier area. Extended surfaces include fins, ribs, and other
protrusions. Materials with higher thermal conductivity
decrease the thermal resistance of the enclosure. Both
extended surfaces and new higher thermal conductivity
material achieve higher performance without affecting the
simplicity and reliability of natural convection. However,
they have performance limitations.

When the loss density extends that where passive cooling
1s practical, then active gas or liquid cooling 1s employed.
Active gas or liquid cooling may result 1n a lighter, but less
reliable system. When improvements made using extended
surfaces and advanced materials reach their limit, active
cooling, using a fan or other gas cooling device, can be used
wherein a cooling gas 1s forced across and/or against the
surface, reducing the fluid film thermal resistance substan-
tially compared to natural convection. In addition to taking
cooling air available from the immediate vicinity, the cool-
ing gas in a forced convection approach could be condi-
tioned, making it colder, and thus more effective. A further
option 1s liquid cooling. Liquids, typically are a more
cllective heat transfer fluid than gas, and thus can remove
more heat. Active gas cooling and liqud cooling are less
reliable and more complex than a passive cooling system
and they both require systems with moving parts which are
inherently less reliable than a passive cooling approach.
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2
BRIEF DESCRIPTION OF THE INVENTION

In one embodiment, a component enclosure includes one
or more sidewalls defining a volume, the sidewalls are
configured to substantially surround a heat generating com-
ponent positioned within the volume. The component enclo-
sure further includes a synthetic jet assembly positioned
adjacent at least one of the sidewalls. The synthetic jet
assembly 1ncludes at least one synthetic jet ejector having a
jet port. The jet port 1s aligned at least one of perpendicu-
larly, parallelly, and obliquely with a surface of the at least
one sidewall. The synthetic jet assembly 1s configured to
direct a jet of fluid through the port at least one of substan-
tially parallel to the surface, perpendicularly onto the sur-
face, and obliquely toward the surface.

In another embodiment, method of increasing cooling of
an enclosure includes positioning a synthetic jet assembly
adjacent at least one of a plurality of sidewalls of the
enclosure wherein the synthetic jet assembly includes at
least one synthetic jet ejector having a jet port. The jet port
1s aligned at least one of perpendicularly, parallelly, and
obliquely with a surface of the at least one sidewall and the
synthetic jet assembly 1s configured to direct a jet of tluid
through the jet port at least one of substantially parallel to
the surface, perpendicularly onto the surface, and obliquely
toward the surface.

In yet another embodiment, an electronic component
system includes a component enclosure including a plurality
of sidewalls defining a volume, a heat generating component
positioned within the volume, and a synthetic jet assembly
positioned adjacent at least one of the plurality of sidewalls.
The synthetic jet assembly includes at least one synthetic jet
ejector having a jet port. The jet port 1s aligned at least one
of perpendicularly, parallelly, and obliquely with a surface
of the at least one sidewall. The synthetic jet assembly 1s
configured to direct a jet of fluid through the jet port at least
one of substantially parallel to said surface, perpendicularly
onto said surface, and obliquely toward said surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-6 show exemplary embodiments of the method
and systems described herein.

FIG. 1 1s a perspective view of a known natural draft
cooled component enclosure;

FIG. 2 1s a heat profile map of the enclosure shown in

FIG. 1;
FIG. 3 1s a component enclosure 1n accordance with an

exemplary embodiment of the present invention;
FIG. 4 1s a heat profile map of the enclosure shown 1n

FIG. 3;
FIG. SA 1s a cross-sectional view of the synthetic jet

assembly shown 1n FIG. 3 1in accordance with an exemplary
embodiment of the present invention during a compression

or expulsion phase.

FIG. 5B 1s a cross-sectional view of the synthetic jet
assembly shown 1n FIG. 3 during an expansion or ingestion
phase;

FIG. 6 1s a cross-sectional view of a synthetic jet assembly
in accordance with another exemplary embodiment of the
present invention; and

FIG. 7 1s an exploded cross-sectional view of the synthetic
jet assembly shown 1n FIG. 3 1n accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The following detailed description illustrates embodi-
ments of the invention by way of example and not by way
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of limitation. It 1s contemplated that the mvention has
general application to enhancing cooling and disrupting
laminar flow 1n 1ndustrial, commercial, and residential appli-
cations.

As used herein, an element or step recited 1n the singular

and proceeded with the word “a” or “an” should be under-

stood as not excluding plural elements or steps, unless such
exclusion 1s explicitly recited. Furthermore, references to
“one embodiment™ of the present invention are not intended
to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features.

FIG. 1 1s a perspective view of a known natural draft
cooled component enclosure 100. Enclosure 100 includes a
plurality of sidewalls 102 and a top wall 104 forming an
enclosed volume 1n which heat generating components (not
shown) may be located. Air surrounding enclosure 100
removes heat a surface 106 of sidewalls 102 typically by
convection. Air near a lower portion 108 of sidewall 102
receives heat generated by components 1n enclosure 100 and
passed through sidewall 102 by conduction. The warmed air
rises adjacent to sidewall 102 forming streams 110 of air
rising due to natural convection. As the air rises adjacent to
sidewall 102 the air tends to receive more heat from upper
portions 112 of sidewall 102. As the air recerves more heat,
its temperature increases and 1ts ability to receive more heat
diminishes, thereby reducing its eflectiveness as a cooling
media for enclosure 100. A total amount of heat that can be
removed from enclosure 100 defines the amount of heat that
may be generated by the heat-generating components with-
out causing a failure of the components. Because the heat
removal capability of natural circulation cooling 1s limited,
other heat-removal methods are often employed as either the
primary cooling method or at least as a supplemental cooling,
method. For example, some known component enclosures
include water-cooling, fans, and/or forced air cooling.

FI1G. 2 1s a heat profile map 200 of enclosure 100 (shown
in FIG. 1). Map 200 includes an x-axis 202 representing a
position along the height of sidewall 102 (shown in FIG. 1).
A y-axis 204 represents a distance extending away from
sidewall 102. A first temperature gradation 206 illustrates a
first temperature away from enclosure 200 and proximate
lower portion 108. A second temperature gradation 208
illustrates a laminar layer of air flow that includes a greater
amount of heat than gradation 206. A third temperature
gradation 210 1illustrates a laminar layer of air flow that
includes a greater amount of heat than gradation 208. A
fourth temperature gradation 212 illustrates a laminar layer
of air tlow that includes a greater amount of heat than
gradation 210. Gradation 212 is at a higher temperature than
gradations 206, 208, and 210 and the higher temperature
reduces the coohng effectiveness of gradation 212.

FIG. 3 1s a component enclosure 300 1n accordance with
an exemplary embodiment of the present invention. In the
exemplary embodiment, enclosure 300 includes one or more
sidewalls 302 defining a volume (not shown) configured to
substantially surround a heat generating component (not
shown) positioned within the internal volume. Enclosure
300 includes a synthetic jet assembly 304 positioned adja-
cent at least one of sidewalls 302. Synthetic jet assembly 304
includes at least one jet port 306 extending through a
housing 308. In the exemplary embodiment, jet port 306 1s
aligned substantially perpendicularly with respect to respec-
tive sidewall 302 such that a jet of fluid 1s ejector substan-
tially parallel to respective sidewall 302. In other embodi-
ments jet port 306 may be aligned parallelly and obliquely
with respect to sidewall 302 such that jet port 306 directs a
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4

jet of fluud perpendicularly towards sidewall 302 or
obliquely towards sidewall 302 respectively.

In the exemplary embodiment, enclosure 300 includes at
least one sidewall 302 that includes an extended surface,
such as a rib, a fin, or other protrusion from the surface of
sidewall 302 that tends to increase the surface area of
sidewall 302 that i1s 1n contact with ambient air outside of
enclosure 300. When sidewall 302 includes an extended
surface, jet port 306 may be aligned parallelly, perpendicu-
larly, or obliquely with a surface of the extended surface.

Housing 308 may be a separate device that 1s couplable to
enclosure 300, for example, as a retrofit addition to enclo-
sure 300 or as a separate addition to enclosure 300 during an
initial assembly of enclosure 300. In other alternative
embodiments, synthetic jet assembly housing 308 1s formed
integrally with a surface of sidewall 302.

Housing 308 may also include a plurality of jet ports 306
to accommodate a synthetic jet assembly 304 having mul-
tiple synthetic jet ejectors (not shown i FIG. 3) 1n a single
housing 308. Additionally, housing 308 may include a
plurality of jet ports 306 to accommodate multiple synthetic
jet assemblies 304 1n a single housing 308. In an embodi-
ment of the present invention, multiple synthetic jet ejectors
may be coupled together in serial flow communication 1n a
single synthetic jet assembly 304. Such an arrangement
provides an additional pressure increase to propel the jet
exiting jet port 306 a greater distance and/or 1n a more
coherent formation for a greater distance than a single
synthetic jet ejector 1n a synthetic jet assembly 304.

FIG. 4 15 a heat profile map 400 of enclosure 300 (shown
in FIG. 3). Map 400 includes an x-axis 402 representing a
position along the height of sidewall 302 (shown in FIG. 3).
A y-axis 404 represents a distance extending away from
sidewall 302. Synthetic jet assembly 304 1s configured to
direct a jet of flwid substantially parallel to sidewall 302. The
jet of fluid disrupts the laminar flow of fluid along a surface
of sidewall 302, permitting the jet to provide additionally
cooling air to the surface of sidewall 302 and permitting
ambient air to reach the surface of sidewall 302 cooling
sidewall 302 further.

FIG. 5A 1s a cross-sectional view of synthetic jet assembly
304 1n accordance with an exemplary embodiment of the
present invention during a compression or expulsion phase.
FIG. 5B 1s a cross-sectional view of synthetic jet assembly
304 during an expansion or ingestion phase. In the exem-
plary embodiment, synthetic jet assembly 304 includes
housing 308 and at least one synthetic jet eector 502.
Synthetic jet gjector 302 includes a jet port 306 that may be
oriented perpendicularly, parallelly, or obliquely with a
surface 504 of a component 506 to be cooled. Synthetic jet
assembly 304 1s configured to direct a flow of fluid 508
through jet port 306 that exits jet port 306 as a jet of flmud 510
that 1s parallel to the surface, perpendicular to the surface, or
oblique toward the surface. Synthetic jet ejector 502
includes a piezoelectric actuator 514. Actuator 514 1s con-
figured to vibrate under the influence of a piezoelectric eflect
such that jet of fluid 510 1s generated and exits jet port 306.
Jet of fluid 510 may be configured such that vortex rings 516
are formed in jet of fluid 510. Vortex rings 516 aid 1n
disrupting the laminar film that may form along a natural
convective flow cooled surface. Although described as
working with a gaseous media, synthetic jet assembly 304 1s
also able to utilize a dielectric flmd as the working tluid.

A small amount of electrical power 1s drawn by piezo-
clectric actuator 514 causing piezoelectric actuator 514 to
vibrate. During a first phase of operation of synthetic jet
ejector 502, shown 1 FIG. SA, piezoelectric actuator 514
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compresses mmwardly towards cavity 518 expelling the fluid
out of cavity 518 through jet port 306. During a second
phase of operation of synthetic jet ejector 502, shown in
FIG. 5B, piezoelectric actuator 514 expands outwardly away
from cavity 518 drawing the fluid 1into cavity 518 through jet
port 306. Piczoelectric actuator 514 1s designed into syn-
thetic jet ejector 502 such that the geometry permits the
vibrating action to draw fluid through jet port 306 and into
a cavity 518 and then subsequently expel the fluid out of
cavity 318, again through jet port 306. The physics of
suction and expulsion through jet port 306 are different.
When a fluid 1s drawn through jet port 306, 1t draws the fluid
from an area all around the orifice. Thus, most of the fluid
volume 1s from fluid 1n the area immediately around jet port
306. When synthetic jet ejector 502 expels the tluid out of jet
port 306, a jet 1s formed. The jet travels at a high velocity
and remains 1ntact for a substantial distance away from jet
port 306.

The jet can be directed 1n a various ways. The jet can be
directed perpendicularly to a surface. Such direction tends to
provide additional local cooling to the area of the surface
towards which, the jet 1s directed. If the jet 1s directed
parallel to a surface, the jet not only provides direct cooling,
to the surface by increased fluid velocity along the surface,
but it also entrains additional fluid along the periphery of the
jet. Thus the amount of fluid that participates 1n enhancing,
the tluid along the surface 1s not only that which 1s expelled
from synthetic jet cavity 518, but additional fluid that 1s
entrained by the jet.

FIG. 6 15 a cross-sectional view of a synthetic jet assembly
600 1n accordance with another exemplary embodiment of
the present invention. In the exemplary embodiment, hous-
ing 308 includes a plurality of synthetic jet ejectors 502
oriented 1n serial flow communication such that a flow from
a first synthetic jet ejector 602 discharges mto a second
synthetic jet ejector 604 which 1n turn discharges into a third
synthetic jet ejector 606. The flow generated in {first syn-
thetic jet ejector 602 1s configured to be 1n phase with the
flow being generated 1n second synthetic jet ejector 604, into
which first synthetic jet ejector 602 discharges and second
synthetic jet ejector 604 1s configured to be 1n phase with the
flow being generated 1n third synthetic jet ejector 606, nto
which second synthetic jet ejector 604 discharges. By con-
trolling the voltage applied to each piezoelectric member
associated with first synthetic jet ejector 602, second syn-
thetic jet ejector 604, and third synthetic jet ejector 606, the
flow of fluid through synthetic jet assembly 600 can be
tacilitated being increased 1n tlow and/or pressure permitting
an enhanced jet to be formed.

FI1G. 7 1s an exploded cross-sectional view of synthetic jet
assembly 304 1n accordance with an embodiment of the
present invention. In the exemplary embodiment, synthetic
jet assembly 304 1ncludes a top cover 702, a first spacer ring,
704, a first piezoelectric actuator 706, a second spacer ring
708, a second piezoelectric actuator 710, a third spacer ring
712, and a bottom cover 714 all stacked 1n a sequential
adjacent relationship. One or more alignment tabs 716
provide for an axial alignment of the aforementioned com-
ponents and to provide for coupling the components together
using respective pin connectors 718. A groove 720 inscribed
in an inner face of top cover 702 and bottom cover 714 1s
configured to receive an o-ring (not shown) for sealing the
cavity formed between top cover 702 and {first piezoelectric
actuator 706 and between second piezoelectric actuator 710
and bottom cover 714. A gap 722, 724, and 726 in respective
spacers 704, 708, and 712 provides ingress and egress of
fluid 1into and out of the cavities during operation.
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The above-described embodiments of a method and sys-
tem of applying synthetic jets to the surface cooling of
clectronic boxes provides a cost-eflective and reliable means
for enhancing natural circulation cooling of component
enclosures. More specifically, the methods and systems
described herein facilitate disrupting a laminar flow layer
along a surface of the enclosure. In addition, the above-
described methods and systems facilitate directly supplying
additional cooling media to the enclosure and entraining
additional fluid to provide an increased flow. As a result, the
methods and systems described herein facilitate enhancing
cooling of components without significant added weight
and/or reliability costs 1n a cost-eflective and reliable man-
ner.

While the disclosure has been described 1n terms of
various specific embodiments, 1t will be recognized that the

disclosure can be practiced with modification within the
spirit and scope of the claims.

What 1s claimed 1s:

[1. A component enclosure comprising:

one or more sidewalls defining a volume configured to

substantially surround a heat generating component
positioned within said volume; and

a synthetic jet assembly positioned adjacent and 1s formed

integrally with a surface of at least one of the sidewalls
and external to said volume, said synthetic jet assembly
including at least one synthetic jet ejector comprising a
jet port, said jet port aligned at least one of perpen-
dicularly, parallelly, and obliquely with a surface of
said at least one sidewall, said synthetic jet assembly 1s
configured to direct a jet of fluid through said port at
least one of substantially parallel to said surface, per-
pendicularly onto said surface, and obliquely toward
said surface, such that the jet of fluid flows external to
said volume.]

2. An enclosure in accordance with claim [1] 3 wherein
said synthetic jet assembly comprises a plurality of jet ports.

3. [An enclosure in accordance with claim 1] 4 compo-
nent enclosure comprising:

one or movre sidewalls defining a volume configured to

substantially surround a heat generating component
positioned within said volume: and

a synthetic jet assembly positioned adjacent and is formed

integrally with a surface of at least one of the sidewalls
and external to said volume, said synthetic jet assembly
including at least one synthetic jet ejector comprising
a jet port, said jet port aligned at least one of perpen-
dicularly, parallelly, and obliquely with a surface of
said at least one sidewall, said synthetic jet assembly is
configured to divect a jet of fluid through said port at
least one of substantially parallel to said surface,
perpendicularly onto said surface, and obliquely
toward said surface, such that the jet of fluid flows
external to said volume:

wherein said synthetic jet assembly comprises a plurality

of synthetic jet ejectors enclosed 1 a single housing.

4. An enclosure 1n accordance with claim 3 wherein said
synthetic jet assembly comprises a plurality of synthetic jet
ejectors coupled together 1n serial flow communication.

5. An enclosure in accordance with claim [1] 3 wherein
said synthetic jet [ejector comprises] ejectors each comprise
a piezoelectric actuator, said actuator configured to vibrate
such that a flow of fluid 1s generated.

6. An enclosure in accordance with claim [1] 3 wherein at
least one of said plurality of sidewalls comprises an
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extended surface, said jet port aligned at least one of
perpendicularly and obliquely with a surface of said
extended surface.

[7. A method of increasing cooling of an enclosure, said
method comprising coupling a synthetic jet assembly to an 3
external surface of at least one of a plurality of sidewalls of
the enclosure, the synthetic jet assembly including at least
one synthetic jet ejector including a jet port, the jet port
being aligned at least one of perpendicularly, parallelly, and
obliquely with a surface of the at least one sidewall, the
synthetic jet assembly being configured to direct a jet of fluid
through the jet port at least one of substantially parallel to
the surface, perpendicularly onto the surface, and obliquely
toward the surface, such that the jet of fluid tlows external
to the enclosure.]

8. A method in accordance with claim [7] 9 wherein
coupling a synthetic jet assembly comprises coupling a
synthetic jet assembly having a plurality of jet ports.

9. JA method in accordance with claim 7] 4 method of
increasing cooling of an enclosure, said method comprising 20
coupling a synthetic jet assembly to an external surface of at
least one of a plurality of sidewalls of the enclosure, the
synthetic jet assembly including at least one synthetic jet
ejector including a jet port, the jet port being aligned at least
one of perpendicularly, parallelly, and obliqguely with a
surface of the at least one sidewall, the synthetic jet assem-
bly being configured to direct a jet of fluid through the jet
port at least one of substantially parallel to the surface,
perpendicularly onto the surface, and obliquely toward the
surface, such that the jet of fluid flows external to the
enclosure;

wherein coupling a synthetic jet assembly comprises

coupling a synthetic jet assembly having a plurality of
synthetic jet ejectors enclosed 1n a single housing.

10. JA method in accordance with claim 7] A4 method of 35
increasing cooling of an enclosure, said method comprising
coupling a synthetic jet assembly to an external surface of at
least one of a plurality of sidewalls of the enclosure, the
synthetic jet assembly including at least one synthetic jet
efector including a jet port, the jet port being aligned at least 40
one of perpendicularly, parallelly, and obliquely with a
surface of the at least one sidewall, the synthetic jet assem-
bly being configured to direct a jet of fluid through the jet
port at least one of substantially parallel to the surface,
perpendicularly onto the surface, and obliquely toward the
surface, such that the jet of fluid flows external to the
enclosure;

wherein coupling a synthetic jet assembly comprises

coupling a synthetic jet assembly having a plurality of
synthetic jet ejectors coupled together in serial flow 50
communication.

11. A method in accordance with claim [7] 9 wherein said
synthetic jet [ejector comprises] ejectors each comprise a
piezoelectric actuator, the actuator configured to vibrate.

12. [A method in accordance with claim 7] A method of 55
increasing cooling of an enclosure, said method comprising
coupling a synthetic jet assembly to an external surface of at
least one of a plurality of sidewalls of the enclosure, the
synthetic jet assembly including at least one synthetic jet
ejector including a jet port, the jet port being aligned at least 60
one of perpendicularly, parallelly, and obliqguely with a
surface of the at least one sidewall, the synthetic jet assem-
bly being configured to divect a jet of fluid through the jet
port at least one of substantially parallel to the surface,
perpendicularly onto the surface, and obliquely toward the
surface, such that the jet of fluid flows external to the
enclosure;
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wherein at least one of said plurality of sidewalls com-
prises an extended surface and wherein coupling a
synthetic jet assembly comprises aligning the jet port at
least one of perpendicularly and obliquely with a
surtace of the extended surface.

[13. An electronic component system comprising:

a component enclosure comprising a plurality of sidewalls
defining a volume;

a heat generating component positioned within the vol-
ume; and

a synthetic jet assembly comprising a housing formed
integrally with and positioned adjacent an external
surface of at least one of the plurality of sidewalls, said
synthetic jet assembly including at least one synthetic
jet ejector comprising a jet port, said jet port aligned at
least one of perpendicularly, parallelly, and obliquely
with a surface of said at least one sidewall, said
synthetic jet assembly 1s configured to direct a jet of
fluid through said port at least one of substantially
parallel to said surface, perpendicularly onto said sur-

face, and obliquely toward said surface, such that the

jet of fluid flows external to the volume.}
14. An enclosure in accordance with claim [13] /5

wherein said synthetic jet assembly comprises a plurality of

jet ports.

15. JAn enclosure in accordance with claim 13] A

electronic component system comprising.

a component enclosure comprising a plurality of side-
walls defining a volume;

a heat generating component positioned within the vol-
ume; and

a synthetic jet assembly comprising a housing formed
integrally with and positioned adjacent an external
surface of at least one of the plurality of sidewalls, said
synthetic jet assembly including at least one synthetic
Jet ejector comprising a jet port, said jet port aligned
at least omne of perpendicularly, parallelly, and
obliquely with a surface of said at least one sidewall,
said synthetic jet assembly is configured to divect a jet
of fluid through said port at least one of substantially
parallel to said surface, perpendicularly onto said
surface, and obliquely toward said surface, such that
the jet of fluid flows external to the volume;

wherein said synthetic jet assembly comprises a plurality
of synthetic jet gjectors enclosed 1n a single housing.

16. An enclosure in accovdance with claim 17 wherein the

synthetic jet assembly comprises a plurality of jet ports.

17. A component enclosure comprising:

a synthetic jet assembly coupled to an external surface of
at least one of a plurality of sidewalls of the enclosure,
the synthetic jet assembly including at least one syn-
thetic jet ejector including a jet port, the jet port being
aligned at least one of perpendicularly, parallelly, and
obliquely with a surface of the at least one sidewall, the
synthetic jet assembly being configured to divect a jet of
fluid through the jet port at least one of substantially
parallel to the surface, perpendicularly onto the sur-
face, and obliguely toward the surface, such that the jet
of fluid flows external to the enclosure;

wherein the synthetic jet assembly comprises a plurality of
synthetic jet ejectors enclosed in a single housing.

18. A component enclosure comprising:

a synthetic jet assembly coupled to an external surface of
at least one of a plurality of sidewalls of the enclosure,
the synthetic jet assembly including at least one syn-
thetic jet ejector including a jet port, the jet port being
aligned at least one of perpendicularly, parallelly, and
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obliquely with a surface of the at least one sidewall, the
synthetic jet assembly being configured to divect a jet of
fluid through the jet port at least one of substantially
parallel to the surface, perpendicularly onto the sur-
face, and obliquely toward the surface, such that the jet 5
of fluid flows external to the enclosure;

whevrein the synthetic jet assembly comprises a plurality of

synthetic jet ejectors coupled together in serial flow
communication.

19. An enclosure in accordance with claim 17 wherein the 10
synthetic jet ejectors each comprise a piezoelectric actuator,
the actuator configured to vibrate.

20. A component enclosure comprising:

a synthetic jet assembly coupled to an external surface of

at least one of a plurality of sidewalls of the enclosure, 15
the synthetic jet assembly including at least one syn-
thetic jet ejector including a jet port, the jet port being
aligned at least one of perpendicularly, parallelly, and
obliquely with a surface of the at least one sidewall, the
synthetic jet assembly being configured to direct a jet of 20
fluid through the jet port at least one of substantially
parallel to the surface, perpendicularly onto the sur-
Jace, and obliquely toward the surface, such that the jet

of fluid flows external to the enclosure;

wherein at least one of the plurality of sidewalls com- 25

prises an extended surface; and

wherein the jet port is aligned at least one of perpendicu-

larly and obliquely with a surface of the extended
surface.
30



	Front Page
	Drawings
	Specification
	Claims

