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(54) Low frequency synthetic jet actuator and method of manufacturing thereof

(57) A system and method for lowering the structural
natural frequency of a synthetic jet actuator (50, 76, 82,
88, 96, 100) is disclosed. A synthetic jet actuator (50, 76,
82, 88, 96, 100) is provided that includes a first plate (52),
a second plate (54) spaced apart from the first plate (52)
and arranged parallelly thereto, and a spacer element
(62, 78, 84, 90, 98, 102) configured to space the first
plate (52) apart from the second plate (54) and define a

chamber (64) along with the first and second plates (52,
54). The spacer element (62, 78, 84, 90, 98, 102) includes
at least one orifice (66) formed therein such that the
chamber (64) is in fluid communication with an environ-
ment external (68) to the chamber (64), and the spacer
element (62, 78, 84, 90, 98, 102) is constructed to deform
in a bending motion in response to a deflection of at least
one of the first and second plates (52, 54).
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Description

BACKGROUND OF THE INVENTION

[0001] Embodiments of the invention relate generally
to synthetic jet actuators and, more particularly, to syn-
thetic jet actuators having an element therein for lowering
the structural natural frequency thereof.
[0002] Synthetic jet actuators are a widely-used tech-
nology that generates a synthetic jet of fluid to influence
the flow of that fluid over a surface. A typical synthetic
jet actuator comprises a housing defining an internal
chamber. An orifice is present in a wall of the housing.
The actuator further includes a mechanism in or about
the housing for periodically changing the volume within
the internal chamber so that a series of fluid vortices are
generated and projected in an external environment out
from the orifice of the housing. Examples of volume
changing mechanisms may include, for example, a piston
positioned in the jet housing to move fluid in and out of
the orifice during reciprocation of the piston or a flexible
diaphragm as a wall of the housing. The flexible dia-
phragm is typically actuated by a piezoelectric actuator
or other appropriate means.
[0003] Typically, a control system is used to create
time-harmonic motion of the volume changing mecha-
nism. As the mechanism decreases the chamber volume,
fluid is ejected from the chamber through the orifice. As
the fluid passes through the orifice, sharp edges of the
orifice separate the flow to create vortex sheets that roll
up into vortices. These vortices move away from the edg-
es of the orifice under their own self-induced velocity. As
the mechanism increases the chamber volume, ambient
fluid is drawn into the chamber from large distances from
the orifice. Since the vortices have already moved away
from the edges of the orifice, they are not affected by the
ambient fluid entering into the chamber. As the vortices
travel away from the orifice, they synthesize a jet of fluid,
i.e., a "synthetic jet."
[0004] Referring to FIGS. 1-3, a synthetic jet actuator
10 as known in the art, and the operation thereof, is shown
for purposes of describing the general operation of a syn-
thetic jet actuator. The synthetic jet actuator 10 includes
a housing 11 defining and enclosing an internal chamber
14. The housing 11 and chamber 14 can take virtually
any geometric configuration, but for purposes of discus-
sion and understanding, the housing 11 is shown in
cross-section in FIG. 1 to have a rigid side wall 12, a rigid
front wall 13, and a rear diaphragm 18 that is flexible to
an extent to permit movement of the diaphragm 18 in-
wardly and outwardly relative to the chamber 14. The
front wall 13 has an orifice 16 of any geometric shape.
The orifice diametrically opposes the rear diaphragm 18
and connects the internal chamber 14 to an external en-
vironment having ambient fluid 39.
[0005] The flexible diaphragm 18 may be controlled to
move by any suitable control system 24. For example,
the diaphragm 18 may be equipped with a metal layer,

and a metal electrode may be disposed adjacent to but
spaced from the metal layer so that the diaphragm 18
can be moved via an electrical bias imposed between
the electrode and the metal layer. Moreover, the gener-
ation of the electrical bias can be controlled by any suit-
able device, for example but not limited to, a computer,
logic processor, or signal generator. The control system
24 can cause the diaphragm 18 to move periodically, or
modulate in time-harmonic motion, and force fluid in and
out of the orifice 16. Alternatively, a piezoelectric actuator
could be attached to the diaphragm 18. The control sys-
tem would, in that case, cause the piezoelectric actuator
to vibrate and thereby move the diaphragm 18 in time-
harmonic motion.
[0006] The operation of the synthetic jet actuator 10 is
described with reference to FIGS. 2 and 3. FIG. 2 depicts
the synthetic jet actuator 10 as the diaphragm 18 is con-
trolled to move inward into the chamber 14, as depicted
by arrow 26. The chamber 14 has its volume decreased
and fluid is ejected through the orifice 16. As the fluid
exits the chamber 14 through the orifice 16, the flow sep-
arates at sharp orifice edges 30 and creates vortex
sheets 32 which roll into vortices 34 and begin to move
away from the orifice edges 30 in the direction indicated
by arrow 36.
[0007] FIG. 3 depicts the synthetic jet actuator 10 as
the diaphragm 18 is controlled to move outward with re-
spect to the chamber 14, as depicted by arrow 38. The
chamber 14 has its volume increased and ambient fluid
39 rushes into the chamber 14 as depicted by the set of
arrows 40. The diaphragm 18 is controlled by the control
system 24 so that when the diaphragm 18 moves away
from the chamber 14, the vortices 34 are already re-
moved from the orifice edges 30 and thus are not affected
by the ambient fluid 39 being drawn into the chamber 14.
Meanwhile, a jet of ambient fluid 39 is synthesized by the
vortices 34 creating strong entrainment of ambient fluid
drawn from large distances away from the orifice 16.
[0008] A drawback of existing synthetic jet designs,
such as that shown and described in FIGS. 1-3, is the
noise generated from operation of the synthetic jet. Au-
dible noise is inherent in the operation of synthetic jets
as a result of the flexible diaphragm being caused to de-
flect in an alternating motion, and the natural frequencies
of the synthetic jet’s various operational modes (struc-
tural, disk-bending, and acoustic) impact the amount of
noise generated during operation. According to existing
designs, a structural natural frequency of a synthetic jet
may reach levels of 600 Hz, resulting in a high level of
audible noise being generated, which is highly undesir-
able.
[0009] Another drawback of existing synthetic jet de-
signs is the amount of power consumed during operation
of the synthetic jet. A high structural natural frequency of
the synthetic jet corresponds to a higher amount of power
that is needed to be provided to the synthetic jet to deflect
the diaphragm. High rates of power consumption not only
increase the cost of operating the synthetic jet, but also
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decrease the efficiency of the synthetic jet. For example,
when the synthetic jet is used as a cooling device, con-
vection cooling is negatively affected by high rates of
power consumption, as such increased power consump-
tion generates unwanted heat.
[0010] The noise level and rates of power consumption
are both a result of the natural frequency of the synthetic
jet’s maximum deflection, which in turn is a result of the
material properties and shape of components in the syn-
thetic jet actuator. Specifically, the shape of components
in existing synthetic jet actuators results is an increased
spring constant associated therewith, thereby leading to
an increased structural natural frequency of the synthetic
jet actuator.
[0011] Accordingly, it is desirable to provide a synthetic
jet having a low structural natural frequency in order to
reduce the amount of noise generated from operation of
the synthetic jet and to lower the amount of power con-
sumed during operation of the synthetic jet.

BRIEF DESCRIPTION OF THE INVENTION

[0012] Embodiments of the invention overcome the
aforementioned drawbacks by providing a synthetic jet
actuator and method of manufacturing thereof. A spacer
element is provided between deflecting plates of the syn-
thetic jet actuator that deforms in a bending motion when
the first and second plates are caused to deflect, thereby
lowering a structural natural frequency of the synthetic
jet actuator.
[0013] In accordance with one aspect of the invention,
a synthetic jet actuator includes a first plate, a second
plate spaced apart from the first plate and arranged par-
allelly thereto, and a spacer element configured to space
the first plate apart from the second plate and define a
chamber along with the first and second plates. The spac-
er element includes at least one orifice formed therein
such that the chamber is in fluid communication with an
environment external to the chamber and the spacer el-
ement is constructed to deform in a bending motion in
response to a deflection of at least one of the first and
second plates.
[0014] In accordance with another aspect of the inven-
tion, a method of manufacturing a synthetic jet actuator
includes providing a pair of synthetic jet plates comprising
a first plate and a second plate and attaching a spacing
member to the pair of synthetic jet plates to maintain the
first plate and the second plate in a spaced apart rela-
tionship and so as to define a chamber. The spacing
member is configured to bendingly deform in response
to the deflection of the first and second plates and in-
cludes at least one orifice formed therein such that the
chamber is in fluid communication with an external envi-
ronment. The method also includes coupling an actuator
element to at least one of the first and second plates to
selectively cause deflection thereof, thereby changing a
volume within the chamber so that a series of fluid vorti-
ces are generated and projected to the external environ-

ment from the at least one orifice of the spacer element.
[0015] In accordance with yet another aspect of the
invention, a synthetic jet actuator includes a first plate
and a second plate spaced apart from the first plate and
arranged parallelly thereto. The synthetic jet actuator al-
so includes a spacer element configured to maintain the
first plate and the second plate in a spaced apart rela-
tionship so as to define a chamber, the spacer element
having at least one orifice therein such that the chamber
is in fluid communication with an external environment.
The synthetic jet actuator further includes an actuator
element coupled to at least one of the first and second
plates to selectively cause deflection thereof, thereby
changing a volume within the chamber so that a series
of fluid vortices are generated and projected to the ex-
ternal environment from the at least one orifice of the
spacer element. The spacer element of the synthetic jet
actuator comprises a pliant member configured to deflect
in a bending motion in response to the deflection of the
first and second plates.
[0016] These and other advantages and features will
be more readily understood from the following detailed
description of preferred embodiments of the invention
that is provided in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The drawings illustrate embodiments presently
contemplated for carrying out the invention.
[0018] In the drawings:
[0019] FIG. 1 is a cross-section of a prior art zero net
mass flux synthetic jet actuator with a control system.
[0020] FIG. 2 is a cross-section of the synthetic jet ac-
tuator of FIG. 1 depicting the jet as the control system
causes the diaphragm to travel inward, toward the orifice.
[0021] FIG. 3 is a cross-section of the synthetic jet ac-
tuator of FIG. 1 depicting the jet as the control system
causes the diaphragm to travel outward, away from the
orifice.
[0022] FIGS. 4A and 4B are schematic cross-sectional
side views of synthetic jet actuators according to embod-
iments of the invention.
[0023] FIG. 5 is a schematic cross-sectional side view
of a synthetic jet actuator according to an embodiment
of the invention.
[0024] FIG. 6 is a schematic cross-sectional side view
of a synthetic jet actuator according to an embodiment
of the invention.
[0025] FIG. 7 is a schematic cross-sectional side view
of a synthetic jet actuator according to an embodiment
of the invention.
[0026] FIG. 8 is a schematic cross-sectional side view
of a synthetic jet actuator according to an embodiment
of the invention.
[0027] FIG. 9 is a schematic cross-sectional side view
of a synthetic jet actuator according to an embodiment
of the invention.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0028] Embodiments of the invention provide a syn-
thetic jet actuator and method of manufacturing thereof.
A spacer element is provided between deflecting plates
of the synthetic jet actuator that deforms in a bending
motion when the first and second plates are caused to
deflect, thereby lowering a structural natural frequency
of the synthetic jet actuator.
[0029] Referring now to FIGS. 4A and 4B, a synthetic
jet actuator 50 is shown according to embodiments of
the invention. The synthetic jet actuator 50 includes a
pair of synthetic jet plates 52, 54, shown in FIGS. 4A and
4B as a first plate 52 and an opposing second plate 54
arranged parallel thereto. Attached to at least one of the
first and second plates 52, 54, or to both of the first and
second plates as shown in FIGS. 4A and 4B, are actuator
elements 56, 58 configured to cause displacement of the
plates. In an exemplary embodiment, actuator elements
56, 58 comprise piezoelectric elements (e.g., piezoelec-
tric disks) that are configured to periodically receive an
electric charge from a controller/power source (not
shown), and undergo mechanical stress and/or strain re-
sponsive to the charge. The stress/strain of piezoelectric
elements 56, 58 causes deflection of first and second
plates 52, 54 such that, for example, a time-harmonic
motion or vibration of the plates is achieved. It is recog-
nized that the piezoelectric elements 56, 58 coupled to
the first and second plates 52, 54, respectively, can be
selectively controlled to cause vibration of one or both of
the plates so as to control the volume and velocity of a
synthetic jet stream 60 expelled from the synthetic jet
actuator 50.
[0030] The first and second plates 52, 54 are main-
tained in a spaced apart relationship by a spacer element
62 positioned therebetween. The combination of first and
second plates 52, 54 and spacer element 62 define a
chamber or volume 64 within the synthetic jet actuator
50. The spacer element 62 includes therein one or more
orifices 66 to place the chamber 64 in fluid communica-
tion with a surrounding, external environment 68. As
shown in FIGS. 4A and 4B, a pair of orifices 66 is formed
in spacer element 62 to allow for the drawing in and ex-
haustion of an ambient fluid into and out of the synthetic
jet actuator 50, although it is recognized that a greater
or lesser number of orifices could be formed in spacer
element 62 (e.g., 1, 3, or 4 orifices, for example). As set
forth above, the piezoelectric elements 56, 58 coupled
to the first and second plates 52, 54 are selectively con-
trolled to cause vibration of one or both of the plates so
as to control the volume and velocity of synthetic jet
stream 60 expelled from one or both of the orifices 66.
[0031] As shown in FIG. 4A, according to one embod-
iment, spacer element 62 of synthetic jet actuator 50 is
formed as a flexible wall member (i.e., flexible ring) hav-
ing a concave shape when at rest. That is, spacer ele-
ment 62 is formed to have a concave shape absent from

any deflection of the plates 52, 54 induced by actuator
elements 56, 58. The flexible wall member 62 is con-
structed such that, upon deflection of the plates 52, 54
induced by actuator elements 56, 58, the flexible wall
member 62 is caused to deform in an inward and outward
bending motion. The inward and outward bending motion
of flexible wall member 62 is in a direction perpendicular
to a direction of the deflection of the first and second
plates 52, 54, as indicated by arrow 70 (indicating the
inward and outward bending direction) and arrow 72 (in-
dicating the direction of deflection of the plates), respec-
tively. The concave structure of flexible wall member 62,
and the inward and outward bending motion thereof upon
deflection of the plates induced by actuator elements 56,
58, provides a spacer element having a low spring con-
stant. The low spring constant of flexible wall member 62
acts to reduce a natural frequency of synthetic jet actuator
50 at a maximum deflection of the first and second plates
52, 54, thereby allowing the synthetic jet actuator 50 to
operate at a low frequency and reduce associated noise
output and power consumption.
[0032] As shown in FIG. 4B, according to one embod-
iment, spacer element 62 of synthetic jet actuator 50 is
formed as a flexible wall member (i.e., flexible ring) hav-
ing a convex shape when at rest. That is, spacer element
62 is formed to have a convex shape absent from any
deflection of the plates 52, 54 induced by actuator ele-
ments 56, 58. The flexible wall member 62 is constructed
such that, upon deflection of the plates 52, 54 induced
by actuator elements 56, 58, the flexible wall member 62
is caused to deform in an inward and outward bending
motion, as indicated by arrow 70. The convex structure
of flexible wall member 62, and the inward and outward
bending motion thereof upon deflection of the plates in-
duced by actuator elements 56, 58, provides a spacer
element having a low spring constant, thereby reducing
a natural frequency of synthetic jet actuator 50.
[0033] According to an exemplary embodiment of the
invention, flexible wall member 62 is formed from an array
compliant elastomer layers 74 arranged in either a con-
cave (FIG. 4A) or convex (FIG. 4B) arrangement. For
example, an array of silicone layers may be provided that
are layered on one another to provide a concave or con-
vex shaped flexible wall member/ring, with at least some
of the layers 74 having a gap formed therein that collec-
tively form orifice 66. It is also recognized that other flex-
ible materials such as polycarbonate and Kapton, for ex-
ample, could also be used to form the layers 74 of flexible
wall member 62.
[0034] In each of the embodiments of the synthetic jet
actuator 50 of FIGS. 4A and 4B, it is recognized that
flexible wall member 62 deforms in a bending motion in
response to deflection of the plates 52, 54 induced by
actuator elements 56, 58 rather than a compression and
expansion type of deformation. That is, a spacing ele-
ment formed as a solid ring of beaded material, for ex-
ample, would undergo compression and expansion de-
formation in response to deflection of the plates 52, 54
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induced by actuator elements 56, 58 rather than the
bending deformation undergone by flexible wall member
62. The bending deformation/translation of flexible wall
member 62 provides a spacing element having a lower
spring constant than a spacer member that undergoes
compression/expansion deformation, thereby reducing
a natural frequency of synthetic jet actuator 50.
[0035] Referring now to FIG. 5, a synthetic jet actuator
76 is shown according to another embodiment of the in-
vention. The synthetic jet actuator 76 includes a first syn-
thetic jet plate 52 and an opposing second synthetic jet
plate 54 arranged parallel thereto. Attached to at least
one of the first and second plates 52, 54, or to both of
the first and second plates as shown in FIG. 5, are actu-
ator elements 56, 58 configured to cause displacement
of the plates. In an exemplary embodiment, actuator el-
ements 56, 58 comprise piezoelectric elements (e.g., pi-
ezoelectric disks) that are configured to periodically re-
ceive an electric charge from a controller/power source
(not shown), and undergo mechanical stress and/or
strain responsive to the charge. The stress/strain of pie-
zoelectric elements 56, 58 causes deflection of first and
second plates 52, 54 such that, for example, a time-har-
monic motion or vibration of the plates is achieved. It is
recognized that the piezoelectric elements 56, 58 cou-
pled to the first and second plates 52, 54, respectively,
can be selectively controlled to cause vibration of one or
both of the plates so as to control the volume and velocity
of a synthetic jet stream 60 expelled from the synthetic
jet actuator 76.
[0036] The first and second plates 52, 54 and main-
tained in a spaced apart relationship by a spacer element
78 positioned therebetween. The combination of first and
second plates 52, 54 and spacer element 78 define a
chamber or volume 64 within the synthetic jet actuator
76. The spacer element 78 includes therein one or more
orifices 66 to place the chamber 64 in fluid communica-
tion with a surrounding, external environment 68. As
shown in FIG. 5, a pair of orifices 66 is formed in spacer
element 78 to allow for the drawing in and exhaustion of
an ambient fluid into and out of the synthetic jet actuator
76. That is, as set forth above, the piezoelectric elements
56, 58 coupled to the first and second plates 52, 54 are
selectively controlled to cause vibration of one or both of
the plates so as to control the volume and velocity of
synthetic jet stream 60 expelled from one or both of the
orifices 66.
[0037] As shown in FIG. 5, according to an embodi-
ment of the invention, spacer element 78 of synthetic jet
actuator 76 is formed as a half-section tube or a tube
having a slit formed therein. The spacer element 78 may
be formed from vascular tubing (made with silicone or
other compliant materials) or an o-ring, for example, that
is cut in half or has a slit 80 cut therein. The half-section
tube 78 is thus constructed such that, upon deflection of
the plates 52, 54 induced by actuator elements 56, 58,
the half-section tube 78 is caused to deform in an inward
and outward bending motion. The inward and outward

bending motion of half-section tube 78 is in a direction
perpendicular to a direction of the deflection of the first
and second plates 52, 54, as indicated by arrow 70 (in-
dicating the inward and outward bending direction) and
arrow 72 (indicating the direction of deflection of the
plates), respectively. The structure of half-section tube
78, and the inward and outward bending motion thereof
upon deflection of the plates induced by actuator ele-
ments 56, 58, provides a spacer element having a low
spring constant. The low spring constant of half-section
tube 78 acts to reduce a natural frequency of synthetic
jet actuator 76 at a maximum deflection of the first and
second plates 52, 54, thereby allowing the synthetic jet
actuator 76 to operate at a low frequency and reduce
associated noise output and power consumption.
[0038] Referring now to FIG. 6, according to another
embodiment of the invention, a synthetic jet actuator 82
is provided having a spacer element 84 formed as a bel-
lows-shaped flexible wall. The bellows-shaped flexible
wall 84 is positioned between the first and second plates
52, 54 inside an outer edge 86 thereof (i.e., an "inner
bellows"). The bellows-shaped flexible wall 84 is con-
structed to have a plurality of pliable folds therein such
that, upon deflection of the plates 52, 54 induced by ac-
tuator elements 56, 58, the bellows-shaped flexible wall
84 is caused to deform in an inward and outward bending
motion. The inward and outward bending motion of bel-
lows-shaped flexible wall 84 is in a direction perpendic-
ular to a direction of the deflection of the first and second
plates 52, 54, as indicated by arrow 70 (indicating the
inward and outward bending direction) and arrow 72 (in-
dicating the direction of deflection of the plates), respec-
tively. The structure of bellows-shaped flexible wall 84,
and the inward and outward bending motion thereof upon
deflection of the plates induced by actuator elements 56,
58, provides a spacer element having a low spring con-
stant. The low spring constant of bellows-shaped flexible
wall 84 acts to reduce a natural frequency of synthetic
jet actuator 82 at a maximum deflection of the first and
second plates 52, 54, thereby allowing the synthetic jet
actuator 82 to operate at a low frequency and reduce
associated noise output and power consumption.
[0039] Referring now to FIG. 7, a synthetic jet actuator
88 is shown according to another embodiment of the in-
vention. The synthetic jet actuator 88 includes therein a
spacer element 90 formed as a bellows-shaped flexible
wall that is configured to maintain plate 52 and plate 54
in a spaced apart relationship. As shown in FIG. 7, bel-
lows-shaped flexible wall 90 is attached to an outer sur-
face 92 of each of the first and second plates 52, 54
adjacent an outer perimeter 94 thereof (i.e., an "outer
bellows"). The bellows-shaped flexible wall 90 extends
out from first and second plates 52, 54 such that a height
thereof is greater than a separation distance between
the first and second plates. The bellows-shaped flexible
wall 90 also extends out from first and second plates 52,
54 past the outer perimeter 94 thereof, such that a hori-
zontal dimension (in direction 70) of the overall synthetic
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jet actuator 88 is increased. The bellows-shaped flexible
wall 90 is constructed to have a plurality of pliable folds
therein such that, upon deflection of the plates 52, 54
induced by actuator elements 56, 58, the bellows-shaped
flexible wall 84 is caused to deform in an inward and
outward bending motion. The inward and outward bend-
ing motion of bellows-shaped flexible wall 90 is in a di-
rection 70 perpendicular to a direction 72 of the deflection
of the first and second plates 52, 54 and acts to reduce
a natural frequency of synthetic jet actuator 88 at a max-
imum deflection of the first and second plates 52, 54,
thereby allowing the synthetic jet actuator 88 to operate
at a low frequency and reduce associated noise output
and power consumption.
[0040] Referring now to FIG. 8, according to another
embodiment of the invention, a synthetic jet actuator 96
is provided having a spacer element 98 formed as a box-
shaped flexible wall structure that is configured to main-
tain plate 52 and plate 54 in a spaced apart relationship.
As shown in FIG. 8, flexible wall structure 98 is attached
to the outer surface 92 of each of the first and second
plates 52, 54 adjacent the outer perimeter 94 thereof.
The flexible wall structure 98 extends out from first and
second plates 52, 54 such that a height thereof is greater
than a separation distance between the first and second
plates. The flexible wall structure 98 also extends out
from first and second plates 52, 54 past the outer perim-
eter 94 thereof, such that a horizontal dimension (in di-
rection 70) of the overall synthetic jet actuator 96 is in-
creased. The flexible wall structure 98 is constructed
such that, upon deflection of the plates 52, 54 induced
by actuator elements 56, 58, the flexible wall structure
98 is caused to deform in an inward and outward bending
motion. The inward and outward bending motion of flex-
ible wall structure 98 is in a direction 70 perpendicular to
a direction 72 of the deflection of the first and second
plates 52, 54 and acts to reduce a natural frequency of
synthetic jet actuator 96 at a maximum deflection of the
first and second plates 52, 54, thereby allowing the syn-
thetic jet actuator 96 to operate at a low frequency and
reduce associated noise output and power consumption.
[0041] Referring now to FIG. 9, a synthetic jet actuator
100 is shown according to another embodiment of the
invention. The synthetic jet actuator 100 includes therein
a spacer element 102 formed as a composite spacer el-
ement that is configured to maintain plate 52 and plate
54 in a spaced apart relationship. The composite spacer
element 102 includes a first flexible extension member
104 attached to an inner surface 106 of the first plate 52
that extends outward past an outer perimeter 94 thereof
and a second flexible extension member 108 attached
to an inner surface 110 of the second plate 54 and ex-
tending outward past an outer perimeter 94 thereof. A
rigid wall member 112 having orifices 66 formed therein
is positioned between first flexible extension member 104
and second flexible extension member 108 to maintain
the first and second flexible extension members in a
spaced apart relationship. The composite spacer ele-

ment 102 is constructed such that, upon deflection of the
plates 52, 54 induced by actuator elements 56, 58, first
flexible extension member 104 and second flexible ex-
tension member 108 are caused to deform in an upward
and downward bending motion. The upward and down-
ward bending motion of first flexible extension member
104 and second flexible extension member 108 is in a
direction 72 parallel to a direction 72 of the deflection of
the first and second plates 52, 54, and acts to reduce a
natural frequency of synthetic jet actuator 100 at a max-
imum deflection of the first and second plates 52, 54,
thereby allowing the synthetic jet actuator 100 to operate
at a low frequency and reduce associated noise output
and power consumption.
[0042] While the synthetic jet actuators of FIGS. 4-9
are shown and described as having multiple orifices
therein, it is also envisioned that embodiments of the in-
vention could be used with single orifice synthetic jet ac-
tuators. Additionally, while the synthetic jet actuators of
FIGS. 4-9 are shown and described as having an actuator
element included on each of first and second plates, it is
also envisioned that embodiments of the invention could
include only a single actuator element positioned on one
of the plates.
[0043] Beneficially, embodiments of the synthetic jet
actuators shown in FIGS. 4-9 incorporate a spacer ele-
ment/member therein that functions to lower a structural
natural operating frequency of the synthetic jet actuator.
According to the embodiments set forth above, the struc-
tural natural operating frequency of the synthetic jet ac-
tuator is at or below 400 Hz, as compared to prior art
synthetic jet actuators that can typically operate at a
structural natural operating frequency of 600 Hz or more.
Additionally, the level of acoustic noise generated during
operation of the synthetic jet actuators set forth above is
also lowered based on the structure/design of the spacer
elements incorporated therein. The acoustic noise levels
associated with operation of the synthetic jet actuators
is at or below a level of 27 dBA, as compared to prior art
synthetic jet actuators that can typically operate at a noise
level of 32 dBA or more.
[0044] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.
[0045] Therefore, according to one embodiment of the
invention, a synthetic jet actuator includes a first plate, a
second plate spaced apart from the first plate and ar-
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ranged parallelly thereto, and a spacer element config-
ured to space the first plate apart from the second plate
and define a chamber along with the first and second
plates. The spacer element includes at least one orifice
formed therein such that the chamber is in fluid commu-
nication with an environment external to the chamber and
the spacer element is constructed to deform in a bending
motion in response to a deflection of at least one of the
first and second plates.
[0046] According to another embodiment of the inven-
tion, a method of manufacturing a synthetic jet actuator
includes providing a pair of synthetic jet plates comprising
a first plate and a second plate and attaching a spacing
member to the pair of synthetic jet plates to maintain the
first plate and the second plate in a spaced apart rela-
tionship and so as to define a chamber. The spacing
member is configured to bendingly deform in response
to the deflection of the first and second plates and in-
cludes at least one orifice formed therein such that the
chamber is in fluid communication with an external envi-
ronment. The method also includes coupling an actuator
element to at least one of the first and second plates to
selectively cause deflection thereof, thereby changing a
volume within the chamber so that a series of fluid vorti-
ces are generated and projected to the external environ-
ment from the at least one orifice of the spacer element.
[0047] According to yet another embodiment of the in-
vention, a synthetic jet actuator includes a first plate and
a second plate spaced apart from the first plate and ar-
ranged parallelly thereto. The synthetic jet actuator also
includes a spacer element configured to maintain the first
plate and the second plate in a spaced apart relationship
so as to define a chamber, the spacer element having at
least one orifice therein such that the chamber is in fluid
communication with an external environment. The syn-
thetic jet actuator further includes an actuator element
coupled to at least one of the first and second plates to
selectively cause deflection thereof, thereby changing a
volume within the chamber so that a series of fluid vorti-
ces are generated and projected to the external environ-
ment from the at least one orifice of the spacer element.
The spacer element of the synthetic jet actuator compris-
es a pliant member configured to deflect in a bending
motion in response to the deflection of the first and sec-
ond plates.
[0048] Various aspects of the present invention are de-
fined in the following numbered clauses:

1. A synthetic jet actuator comprising:

a first plate;
a second plate spaced apart from the first plate
and arranged parallelly thereto; and
a spacer element configured to space the first
plate apart from the second plate and defining
a chamber along with the first and second plates,
the spacer element having at least one orifice
formed therein such that the chamber is in fluid

communication with an environment external to
the chamber; and
wherein the spacer element is constructed to
deform in a bending motion in response to a de-
flection of at least one of the first and second
plates.

2. The synthetic jet actuator of clause 1, wherein the
spacer element is constructed to deform in an inward
and outward bending motion when at least one of
the first and second plates is caused to deflect, the
inward and outward bending motion being in a direc-
tion perpendicular to a direction of the deflection of
the at least one of the first and second plates.

3. The synthetic jet actuator of clause 1 or clause 2,
wherein the spacer element comprises a multi-lay-
ered compliant elastomer structure.

4. The synthetic jet actuator of any preceding clause,
wherein the spacer element comprises one of a con-
vex-shaped flexible wall positioned between the first
and second plates and a concave-shaped flexible
wall positioned between the first and second plates,
the one of the convex-shaped flexible wall and the
concave-shaped flexible wall being configured to de-
form in the inward and outward bending motion.

5. The synthetic jet actuator of any preceding clause,
wherein the spacer element comprises a bellows-
shaped flexible wall positioned between the first and
second plates and being configured to deform in the
inward and outward bending motion.

6. The synthetic jet actuator of any preceding clause,
wherein the spacer element comprises a bellows-
shaped flexible wall attached to an outer surface of
each of the first and second plates along an outer
perimeter thereof, the bellows-shaped flexible wall
extending outward past the outer perimeter of the
first and second plates and being configured to de-
form in the inward and outward bending motion.

7. The synthetic jet actuator of any preceding clause,
wherein the spacer element comprises a box-
shaped flexible wall structure attached to an outer
surface of each of the first and second plates along
an outer perimeter thereof, the box-shaped flexible
wall structure extending outward past the outer pe-
rimeter of the first and second plates and being con-
figured to deform in the inward and outward bending
motion.

8. The synthetic jet actuator of any preceding clause,
wherein the spacer element comprises a hollow tube
having a slit formed therein, the hollow tube config-
ured to deform in the inward and outward bending
motion.
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9. The synthetic jet actuator of any preceding clause,
wherein the spacer element comprises:

a first flexible extension member attached to an
inner surface of the first plate and extending out-
ward past an outer perimeter of the first plate;
a second flexible extension member attached to
an inner surface of the second plate and extend-
ing outward past an outer perimeter of the sec-
ond plate; and
a rigid wall positioned between the first flexible
extension member and the second flexible ex-
tension member to maintain the first flexible ex-
tension member and the second flexible exten-
sion member in a spaced apart relationship, the
rigid wall having the at least one orifice formed
therein;
wherein the first flexible extension member and
the second flexible extension member are con-
structed to deform in an upward and downward
bending motion when at least one of the first and
second plates is caused to deflect, the upward
and downward bending motion being in a direc-
tion parallel to a direction of the deflection of the
at least one of the first and second plates.

10. The synthetic jet actuator of any preceding
clause, further comprising an actuator element cou-
pled to at least one of the first and second plates to
selectively cause deflection thereof, thereby chang-
ing a volume within the chamber so that a series of
fluid vortices are generated and projected to the ex-
ternal environment out from the at least one orifice
of the spacer element.

11. The synthetic jet actuator of any preceding
clause, wherein the actuator element coupled to at
least one of the first and second plates comprises a
pair of piezoelectric elements, and wherein each pi-
ezoelectric element is attached to a respective plate
of the first and second plates to selectively cause
deflection thereof.

12. A method of manufacturing a synthetic jet actu-
ator comprising:

providing a pair of synthetic jet plates comprising
a first plate and a second plate;
attaching a spacing member to the pair of syn-
thetic jet plates to maintain the first plate and the
second plate in a spaced apart relationship and
so as to define a chamber, the spacing member
having at least one orifice formed therein such
that the chamber is in fluid communication with
an external environment; and
coupling an actuator element to at least one of
the first and second plates to selectively cause
deflection thereof, thereby changing a volume

within the chamber so that a series of fluid vor-
tices are generated and projected to the external
environment from the at least one orifice of the
spacer element;
wherein the spacing member is configured to
bendingly deform in response to the deflection
of the first and second plates.

13. The method of clause 12, further comprising lay-
ering a plurality of compliant of layers on one another
to form the spacing member, the plurality of compli-
ant layers being arranged such that the spacing
member bendingly deforms in response to the de-
flection of the first and second plates.

14. The method of clause 12 or clause 13, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises positioning one of a convex-
shaped flexible wall and a concave-shaped flexible
wall between the pair of synthetic jet plates, the one
of the convex-shaped flexible wall and the concave-
shaped flexible wall configured to bendingly deform
in an inward and outward motion in a direction per-
pendicular to a direction of the deflection of the pair
of synthetic jet plates.

15. The method of any of clauses 12 to 14, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises attaching a bellows-shaped
flexible wall to the pair of synthetic jet plates, the
bellows-shaped flexible wall configured to bendingly
deform in an inward and outward motion in a direction
perpendicular to a direction of the deflection of the
pair of synthetic jet plates.

16. The method of any of clauses 12 to 15, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises positioning a half-section hollow
tube between the pair of synthetic jet plates, the half-
section hollow tube configured to bendingly deform
in an inward and outward motion in a direction per-
pendicular to a direction of the deflection of the pair
of synthetic jet plates.

17. The method of any of clauses 12 to 16, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises attaching a box-shaped flexible
wall structure to an outer surface of each of the pair
of synthetic jet plates along an outer perimeter there-
of, the box-shaped flexible wall structure extending
outward past the outer perimeter of the pair of syn-
thetic jet plates and being configured to bendingly
deform in an inward and outward motion in a direction
perpendicular to a direction of the deflection of the
pair of synthetic jet plates.

18. The method of any of clauses 12 to 17, wherein
attaching the spacing member to the pair of synthetic
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jet plates comprises:

attaching a first flexible extension member to an
inner surface of the first synthetic jet plate and
extending outward past an outer perimeter of
the first plate;
attaching a second flexible extension member
attached to an inner surface of the second syn-
thetic jet plate; and
positioning a rigid wall between the first flexible
extension member and the second flexible ex-
tension member to maintain the first flexible ex-
tension member and the second flexible exten-
sion member in a spaced apart relationship, the
rigid wall having the at least one orifice formed
therein;
wherein the first flexible extension member and
the second flexible extension member are con-
structed to deform in an upward and downward
bending motion when at least one of the pair of
synthetic jet plates is caused to deflect, the up-
ward and downward bending motion being in a
direction parallel to a direction of the deflection
of the at least one of the pair of synthetic jet
plates.

19. A synthetic jet actuator comprising:

a first plate;
a second plate spaced apart from the first plate
and arranged parallelly thereto;
a spacer element configured to maintain the first
plate and the second plate in a spaced apart
relationship so as to define a chamber, the spac-
er element having at least one orifice therein
such that the chamber is in fluid communication
with an external environment; and
an actuator element coupled to at least one of
the first and second plates to selectively cause
deflection thereof, thereby changing a volume
within the chamber so that a series of fluid vor-
tices are generated and projected to the external
environment from the at least one orifice of the
spacer element;
wherein the spacer element comprises a pliant
member configured to deflect in a bending mo-
tion in response to the deflection of the first and
second plates.

20. The synthetic jet actuator of clause 19, wherein
the spacer element is constructed to deform in an
inward and outward bending motion when at least
one of the first and second plates is caused to deflect,
the inward and outward bending motion being in a
direction perpendicular to a direction of the deflection
of the at least one of the first and second plates.

21. The synthetic jet actuator of clause 19 or clause

20, wherein the spacer element is constructed to de-
form in an upward and downward bending motion
when at least one of the first and second plates are
caused to deflect, the upward and downward bend-
ing motion being in a direction parallel to a direction
of the deflection of the at least one of the first and
second plates.

22. The synthetic jet actuator of any of clauses 19
to 21, wherein the natural frequency of the synthetic
jet actuator at a maximum deflection of the first and
second plates is less than 400 Hz.

Claims

1. A synthetic jet actuator (50, 76, 82, 88, 96, 100)
comprising:

a first plate (52);
a second plate (54) spaced apart from the first
plate (52) and arranged parallelly thereto; and
a spacer element (62, 78, 84, 90, 98, 102) con-
figured to space the first plate (52) apart from
the second plate (54) and defining a chamber
(64) along with the first and second plates (52,
54), the spacer element (62, 78, 84, 90, 98, 102)
having at least one orifice (66) formed therein
such that the chamber (64) is in fluid communi-
cation with an environment (68) external to the
chamber (64); and
wherein the spacer element (62, 78, 84, 90, 98,
102) is constructed to deform in a bending mo-
tion in response to a deflection of at least one
of the first and second plates (52, 54).

2. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of claim 1, wherein the spacer element (62, 78, 84,
90, 98, 102) is constructed to deform in an inward
and outward bending motion when at least one of
the first and second plates (52, 54) is caused to de-
flect, the inward and outward bending motion being
in a direction perpendicular to a direction of the de-
flection of the at least one of the first and second
plates (52, 54).

3. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of claim 1 or claim 2, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises a multi-layered
compliant elastomer structure (74).

4. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of any preceding claim, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises one of a convex-
shaped flexible wall (62) positioned between the first
and second plates (52, 54) and a concave-shaped
flexible wall (62) positioned between the first and
second plates (52, 54), the one of the convex-shaped
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flexible wall (62) and the concave-shaped flexible
wall (62) being configured to deform in the inward
and outward bending motion.

5. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of any preceding claim, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises a bellows-shaped
flexible wall (84) positioned between the first and
second plates (52, 54) and being configured to de-
form in the inward and outward bending motion.

6. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of any preceding claim, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises a bellows-shaped
flexible wall (90) attached to an outer surface (92) of
each of the first and second plates (52, 54) along an
outer perimeter (94) thereof, the bellows-shaped
flexible wall (90) extending outward past the outer
perimeter (94) of the first and second plates (52, 54)
and being configured to deform in the inward and
outward bending motion.

7. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of any preceding claim, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises a box-shaped
flexible wall structure (98) attached to an outer sur-
face (92) of each of the first and second plates (52,
54) along an outer perimeter (94) thereof, the box-
shaped flexible wall structure (98) extending outward
past the outer perimeter (94) of the first and second
plates (52, 54) and being configured to deform in the
inward and outward bending motion.

8. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of any preceding claim, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises a hollow tube
(78) having a slit (80) formed therein, the hollow tube
(78) configured to deform in the inward and outward
bending motion.

9. The synthetic jet actuator (50, 76, 82, 88, 96, 100)
of any preceding claim, wherein the spacer element
(62, 78, 84, 90, 98, 102) comprises:

a first flexible extension member (104) attached
to an inner surface (106) of the first plate (52)
and extending outward past an outer perimeter
(94) of the first plate (52);
a second flexible extension member (108) at-
tached to an inner surface (110) of the second
plate (54) and extending outward past an outer
perimeter (94) of the second plate (54); and
a rigid wall (112) positioned between the first
flexible extension member (104) and the second
flexible extension member (108) to maintain the
first flexible extension member (104) and the
second flexible extension member (108) in a
spaced apart relationship, the rigid wall (112)

having the at least one orifice (66) formed there-
in;
wherein the first flexible extension member
(104) and the second flexible extension member
(108) are constructed to deform in an upward
and downward bending motion when at least
one of the first and second plates (52, 54) is
caused to deflect, the upward and downward
bending motion being in a direction parallel to a
direction of the deflection of the at least one of
the first and second plates (52, 54).

10. The synthetic jet actuator (50, 76, 82, 88, 96,
100) of any preceding claim, further comprising an
actuator element (56, 58) coupled to at least one of
the first and second plates (52, 54) to selectively
cause deflection thereof, thereby changing a volume
within the chamber (64) so that a series of fluid vor-
tices are generated and projected to the external en-
vironment (68) out from the at least one orifice (66)
of the spacer element (62, 78, 84, 90, 98, 102).

11. A method of manufacturing a synthetic jet actu-
ator comprising:

providing a pair of synthetic jet plates comprising
a first plate and a second plate;
attaching a spacing member to the pair of syn-
thetic jet plates to maintain the first plate and the
second plate in a spaced apart relationship and
so as to define a chamber, the spacing member
having at least one orifice formed therein such
that the chamber is in fluid communication with
an external environment; and
coupling an actuator element to at least one of
the first and second plates to selectively cause
deflection thereof, thereby changing a volume
within the chamber so that a series of fluid vor-
tices are generated and projected to the external
environment from the at least one orifice of the
spacer element;
wherein the spacing member is configured to
bendingly deform in response to the deflection
of the first and second plates.

12. The method of claim 11, further comprising lay-
ering a plurality of compliant of layers on one another
to form the spacing member, the plurality of compli-
ant layers being arranged such that the spacing
member bendingly deforms in response to the de-
flection of the first and second plates.

13. The method of claim 11 or claim 12, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises positioning one of a convex-
shaped flexible wall and a concave-shaped flexible
wall between the pair of synthetic jet plates, the one
of the convex-shaped flexible wall and the concave-
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shaped flexible wall configured to bendingly deform
in an inward and outward motion in a direction per-
pendicular to a direction of the deflection of the pair
of synthetic jet plates.

14. The method of any of claims 11 to 13, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises attaching a bellows-shaped
flexible wall to the pair of synthetic jet plates, the
bellows-shaped flexible wall configured to bendingly
deform in an inward and outward motion in a direction
perpendicular to a direction of the deflection of the
pair of synthetic jet plates.

16. The method of any of claims 11 to 14, wherein
attaching the spacing member to the pair of synthetic
jet plates comprises positioning a half-section hollow
tube between the pair of synthetic jet plates, the half-
section hollow tube configured to bendingly deform
in an inward and outward motion in a direction per-
pendicular to a direction of the deflection of the pair
of synthetic jet plates.

19 20 



EP 2 336 577 A2

12



EP 2 336 577 A2

13



EP 2 336 577 A2

14



EP 2 336 577 A2

15



EP 2 336 577 A2

16


	bibliography
	description
	claims
	drawings

