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Abstract:

Various implementations include a sweeping jet device with multidirectional output. The device
includes an interaction chamber defined by a chamber wall. The chamber wall defines first and
second inlet ports and first and second outlet ports. First and second fluid supply inlets are
configured to introduce first and second inlet fluid streams through the first and second inlet ports,
respectively, and into the interaction chamber. First and second outlet nozzles are configured to
discharge first and second outlet fluid streams from the interaction chamber through the first and
second outlet ports and the first and second outlet nozzles, respectively. The first and second inlet
fluid streams collide within the interaction chamber causing the first and second outlet fluid streams
to sweep as the first and second outlet fluid streams are discharged from the first and second outlet
nozzles, respectively.
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SWEEPING JET DEVICE WITH MULTIDIRECTIONAL OUTPUT

BACKGROUND

[0001} Jet interaction-type fluidic oscillators create an unsteady sweeping jet. The
sweeping pattern of the jet depends primarily on the internal fluid dynamics of the oscillator
itself. Fluidic oscillators are attracting increased interest to be used in various applications
since they have no moving parts, yet they offer high control authority, sweeping over a wide
range, and, due to their unique fluid distribution system, larger sweeping area capabilities for
the same amount of fluid.

[0002} Currently, jet interaction-type fluidic oscillators include two fluid inputs and a
single fluid output. Ia various applications, it may be desired to have fluid cutput from the
device in multiple directions, requiring orientation of multiple jet interaction-tvpe fluidic
oscillators such that the fluid exiting the oscillators cover a multidirectional field. However,
inchuding multiple jet interaction-type fluidic oscillators in close proximity to each other may
become cumbersome. Furthermore, in some applications it may be desired that the flnid
output of each of the jet interaction-type fluidic oscillators be in communication with each
other. However, if multiple jet interaction-type fluidic osciliators are used, each jet interaction-
type fluidic oscillator will oscillate independently from the other jet interaction-type fluidic
oscillators.

[0003] Thus, there is a desire for a jet interaction-type device capable of creating

multidirectional sweeping outputs that are in communication with each other.

SUMMARY

[o004]} Various implementations include a sweeping jet device with multidirectional
output. The device includes a first portion, a second portion, and a middle portion having a
first side and a second side. The first side of the middie portion is coupled to the first portion,
and the second side of the middle portion is coupled to the second portion. The middle portion
includes an interaction chamber, a first fluid supply inlet, a second fluid supply inlet, a first
outlet nozzle, and a second outlet nozzle. The interaction chamber is defined by a chamber
wall exiending between the first side and the second side of the middle portion. The chamber
wall defines a first inlet port, a second inlet port, a first outlet port, and a second outlet port.
The first fluid supply inlet is configured to introduce a first inlet fluid stream through the first

inlet port and into the interaction chamber. The second fluid supply inlet is configured to
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introduce a second inlet fluid stream through the second inlet port and into the interaction
chamber. The first outlet nozzle is configured to discharge a first outlet fluid stream from the
interaction chamber through the first outlet port and the first outlet nozzle. The second outlet
nozzle is configured to discharge a second outlet fluid stream from the interaction chamber
through the second outlet port and the second outlet nozzle. The first inlet fluid stream collides
with the second inlet fluid stream within the interaction chamber. The collision of the first
inlet flund stream with the second inlet fluid stream causes the first outlet flund stream to sweep
as the first outlet fluid stream is discharged from the first outlet nozzle and causes the second
cutlet fluid stream to sweep as the second outlet fluid siream is discharged from the second
outlet nozzie.

[0005] In some implementations, the interaction chamber has a central axis extending
perpendicular to the first side and second side of the middle portion, and each of the first inlet
port, the second inlet port, the first cutlet port, and the second cutlet port is circumferentially
spaced along the chamber wall at 90° around the central axis.

[00086} In some implementations, each of the first inlet port and the second inlet port
are defined along the chamber wall berween the first outlet port and the second outlet port, and
each of the first outlet port and the second outlet port are defined along the chamber wall
between the first inlet port and the second inlet port.

[0007} In some implementations, the first fuid supply inlet continuously introduces the
first inlet fluid stream imto the interaction chamber, and the second fluid supply inlet
continuously infroduces the second inlet fluid stream into the interaction chamber.

[0008] In some implementations, the first fluid supply inlet introduces the first inlet
fluid stream nto the interaction chamber at a constant flow rate, and the second fluid supply
inlet introduces the second ialet fluid stream into the interaction chamber at a constant flow
rate. In some implementations, the first injet fluid stream and the second infet thad stream have
the same flow rate.

[oD09] In some implementations, the first inlet fluid stream and the second inlet fluid
stream comprise a liquid.

[0010] In some implementations, the first inlet fluid stream and the second inlet fluid
stream comprise a gas.

[0011} Various other implementations include a sweeping jet device with
multidirectional output. The device includes a firsi poriion, a second portion, and a middie

portion having a first side and a second side. The first side of the middle portion is coupled to
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the first portion, and the second side of the middle portion is coupled to the second portion.
The middle portion includes an interaction chamber, at least two flund supply inlets, and at
least two outlet nozzles. The interaction chamber is defined by a chamber wall extending
between the first side and the second side of the middle peortion. The chamber wall defines at
least two inlet ports and at least two outlet ports. Each of the at least two fluid supply inlets is
configured to introduce one of at least two inlet fluid streams through a respective one of the at
least two inlet ports and into the interaction chamber. Each of the at least two outlet nozzles is
configured to discharge one of at least two gutlet fluid streams from the interaction chamber
through a respective one of the at least two outlet ports and through the outlet nozzle. The at
least two inlet fluid streams collide with each other within the interaction chamber. The
collision of the at least two inlet fluid streams with each other causes each of the at least two
outlet fluid streams to sweep as the at least two outiet fluid streams are discharged from
respective outlet nozzles.

[0012} In some implementations, the interaction chamber has a central axis extending
perpendicular to the tirst side and second side of the middle portion, and each of the at least
two inlet ports and at least two outlet ports is circumfierentially spaced along the chamber wall
at 360°/N around the central axis. N is the total number of inlet ports and outlet ports. In some
implementations, N = 6. In some implementations, N = 8.

[0013} In some implementations, each of the at least two inlet ports is defined along the
chamber wall between two adjacent outlet poris, and each of the at least two outlet ports is
defined along the chamber wall between two adjacent inlet ports,

{0014} In some implementations, each of the at least two fluid supply inlets
continuously introduces one of the at least two inlet fluid streams into the interaction chamber.

[0015] In some implementations, each of the at least two fluid supply inlets introduces
one of the at least two inlet fluid streams into the interaction chamber at a constant flow rate.

In some implementations, each of the at feast two inlet fluid streams has the same flow rate.

[0D16] In some implementations, each of the at least two inlet fluid streams comprises
a liquid.

[0017] In some implementations, each of the at least two inlet fluid streams comprises
a gas.
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BRIEF BESCRIPTION OF DRAWINGS
[oD18} Example features and implementations are disclosed in the accompanying
drawings. However, the present disclosure is not limited to the precise arrangements and
instrumentalities shown. Similar elements in different implementations are designated using

the same reference numerals.

[0019] FIG. 1A is a top view of a jet inferaction-type fluidic osciliator of the prior art.
[o020] FIG. 1B is an end view of the jet interaction-type fluidic oscillator of FIG. 1AL
[oon21} FIG. 2A is a top view of a sweeping jet device with multidirectional output,

according to one implementation.

{0022} FIG. 2B is an end view of the sweeping jet device of FIG, 2A,

[0023]} FIG. 2C is a top view of the sweeping jet device of FIG. 2A with the outlet fluid
streams swept in the opposite direction.

[o024] FIG. 2D is a top view of the sweeping jet device of FIG. 2A with a time average
of the sweeping outlet fluid streams.

[o025] FIG. 3 is a top view of a sweeping jet device with multidirectional output,
according to another implementation.

[0026] FIG. 4 is a top view of a sweeping jet device with multidirectional output,
according to another implementation.

[0027} FIG. 5 is a top view of a sweeping jet device with multidirectional cutput,

according to another implementation.

DETATLED DESCRIPTION

[0028} The devices, systems, and methods disclosed herein provide for a sweeping jet
device capable of creating multiple sweeping outputs. The outputs are multidirectional and
can provide a 369° output coverage.

[o029] Vanous impiementations include a sweeping jet device with mukltidirectional
output. The device includes a first portion. a second portion, and a middle portion having a
first side and a second side. The first side of the middie portion is coupled to the first portion,
and the second side of the middle portion is coupled to the second portion. The middie portion
includes an interaction chamber, a first fluid supply inlet, a second fluid supply inlet, a first
outlet nozzle, and a second outlet nozzle. The interaction chamber is defined by a chamber
wall extending between the first side and the second side of the middle portion. The chamber

wall defines a first inlet port, a second inlet port, a first outlet port, and a second outlet port.
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The first fluid supply inlet is configured to introduce a first inlet fluid stream through the first
inlet port and into the interaction chamber. The second fluid supply inlet is configured to
introduce a second inlet fluid stream through the second inket port and into the interaction
chamber. The first outlet nozzle is configured to discharge a first outlet fluid stream from the
interaction chamber through the first cutlet port and the first outlet nozzle. The second outlet
nozzle is configured to discharge a second outlet fluid stream from the interaction chamber
through the second outlet port and the second outlet nozzle. The first inlet fluid stream collides
with the second inlet fluid stream within the interaction chamber. The collision of the first
inlet fluid stream with the second inlet fluid stream causes the first outlet fluid stream to sweep
as the first outlet fluid stream is discharged from the first outlet nozzle and causes the second
outlet fluid stream to sweep as the second outlet fluid stream is discharged from the second
outlet nozzle.

[o030} Various other implementations include a sweeping jet device with
multidirectional output. The device includes a first portion, a second portion, and a middie
portion having a first side and a second side. The first side of the middle portion is coupled to
the first portion. and the second side of the middle portion is coupled to the second portion.
The middle portion includes an interaction chamber, at least two fluid supply inlets, and at
least two outlet nozzles. The interaction chamber is defined by a chamber wall extending
between the first side and the second side of the middle portion. The chamber wall defines at
Ieast two inlet ports and at least two outlet poits. Each of the at {east two fluid supply inlets is
configured to introduce one of at least two inlet fuid streams through a respective one of the at
least tweo inlet ports and into the interaction chamber. Each of the at least two outlet nozzles is
configured to discharge one of at least two outlet fluid streams from the interaction chamber
through a respective one of the at least two outlet ports and through the outlet nozzle. The at
least two inlet fluid streams collide with each other within the interaction chamber. The
collision of the at least two inlet fluid streams with each other causes each of the at least two
cutlet fluid streams to sweep as the at least two outlet fluid streams are discharged from
respective outlet nozzles.

[0031] FIG. 1A shows a top view of a jet interaction-type fluidic oscitlator 100 of the
prior art, and FIG. 1B shows an end view of the jet interaction-type fluidic oscillator 100 of the
prior art as viewed from the outlet nozzle 181 of the middle portion 13¢. The jet interaction-
type fluidic oscillator 100 includes a first portion 110, a second portion 120, and a middle

portion 130 disposed between the first portion 110 and the second portion 120. The middie
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portion 130 includes a first side 132, a second side 134 opposite and spaced apart from the first
side 132, and a chamber wall 142 extending from the first side 132 to the second side 134. The
chamber wall 142 defines an interaction chamber 140. The chamber wall 142 defines a first
inlet port 151, a second inlet port 152, and an outlet port 161, The middle portion 130 of the
fluidic oscillator 100 further includes a first fluid supply infet 171, a second fluid supply inlet
172, and an outlet nozzle 181. The first fluid supply inlet 171 is in fluid communication with
the interaction chamber 140 via the first inlet port 151, the second fluid supply inlet 172 15 1n
fluid communication with the interaction chamber 140 via the second inlet port 152, and the
cutlet nozzle 181 is in fluid communication with the interaction chamber 140 via the outlet
port 161,

[0032} A first fluid stream 191 enters the interaction chamber 140 of the Auidic
oscillator 100 through the first fluid supply inlet 171, through the first inlet port 151, through
the interaction chamber 140, and exits the fluidic oscillator 100 through the outlet port 161 and
the outlet nozzle 181, Simultaneously, a second fluid stream 192 enters the fluidic osciilator
100 through the second fluid supply inlet 172, through the second infet port 152, through the
interaction chamber 140, and exits the fluidic oscillator 100 through the outlet port 161 and the
outlet nozzle 181, The first fluid stream 191 and second fluid stream 192 are angled to collide
with each other in the interaction chamber 140. As the first fluid stream 191 and second fluid
stream 192 collide in the interaction chamber 140, the fluid stream 193 exiting the interaction
chamber 140 through the outlet port 161 and the outlet nozzle 181 osciliates in a plane paraliel
to the first side 132 of the middle portion 130,

[0033] FIG. 2A-D shows a sweeping jet device 200 with multidirectional ocutput
according to one implementation of the current application. The device 200 includes a first
portion 210, a second portion 220, and a middle portion 230. The first portion 210 has a first
side 212 and a second side 214 opposite and spaced apart from the first side 212 of the first
portion 210, the second portion 220 has a first side 222 and a second side 224 opposite and
spaced apart first side 222 of the first portion 210, and the middle portion 230 has a first side
232 and a second side 234 opposite and spaced apart first side 232 of the middle portion 230.
Second side 214 of the first portion 210 1s coupled to the first side 232 of the middie portion
230, and the second side 234 of the middle portion 230 i1s coupled to the first side 222 of the
second portion 220.

[0034] The middie portion 2306 inclides a chamber wall 242 that, along with the second
side 214 of the first portion 210 and the first side 222 of the second portion 220, define an
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interaction chamber 240 through which fluid can flow. The chamber wall 242 defines a first
inlet port 251, a second inlet port 252 a first outlet port 261, and a second outlet port 262,

[0035] The middle portdon 230 further includes a first fluid supply inlet 271 and a
second fluid supply inlet 272, The first fluid supply inlet 271 is coupled to the first inlet port
251 and is in fluid communication with the interaction chamber 240 through the first infet port
251. The second fluid supply inlet 272 is coupled to the second inlet port 252 and is in fluid
communication with the interaction chamber 240 through the second inlet port 252, The first
fhuid supply inlet 271 is configured to supply a first inlet fluid stream 291, through the first
inlet port 251, and into the interaction chamber 240. The second fluid supply inlet 272 is
configured to supply a second inlet fluid stream 292, through the second inlet port 252, and
into the interaction chamber 240. The fluid supply inlets 271, 272 and inlet ports 251, 252 are
shaped such that the first inlet fluid stream 291 and the second inlet fluid stream 292 c¢ollide
with each other within the interaction chamber 240

{0036} The first and second fluid supply inlets 271, 272 shown in FEG. 2A-D
continuvously introduce the first and second inlet fluid streams 291, 292, respectively, into the
interaction chamber 240, but in other implementations, one or both of the first and second fluid
supply inlets introduce the first and second inlet flind streams discontinnously fo change the
sweeping of the first and second outlet fluid streams as they exit the outlet nozzles, as
discussed below, The first and second fluid supply inlets 271, 272 shown in FIG 2A-D
introduce the first and second inlet fluid streams 291, 292, respectively, into the interaction
chamber 240 at a constant flow rate, but in other implementations, one or both of the first and
second fluid supply inlets introduce the first and second intet fluid streams at varying flow
rates to change the sweeping of the first and second outlet fluid streams as they exit the outlet
nozzles, as discussed below. The first inlet fluid stream 291 and the second inlet fluid stream
262 shown in FIG. 2A-D have the same flow rate, but in other implementations, the first inlet
fluid stream and the second inlet fluid stream have different flow rates.

[0037] The middie portion 230 also includes a first outlet nozzle 281 and a second
outlet nozzle 282, The first outlet nozzle 281 is coupled to the first cutlet port 261 and is in
fluid communication with the interaction chamber 240 through the first outlet port 261, The
second outlet nozzle 282 is coupled to the second outlet port 262 and is in fluid communication
with the interaction chamber 240 through the second outlet port 262. The first outlet nozzle
281 is configured to discharge a first outlet fluid stream 293 comprised of portions of the first

and second inlet fluid streams 291, 292 from the interaction chamber 240, through the first
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outlet port 261, and out of the device 200. The second outlet nozzle 282 is configured fo
discharge a second outlet fluid stream 294 comprised of portions of the first and second inlet
fluid streams 201, 292 from the interaction chamber 240, through the second outlet port 262,
and out of the device 200.

[0038} The collision of the inlet fluid streams 291, 292 within the interaction chamber
240 causes each of the inlet fluid streams 291, 292 io bifurcate, as shown in FIGS. 2A, 2C, and
2D. Because of the unsteady nature of the inlet fhuid streams 291, 292 as they enter the
interaction chamber 240, a varying portion of each inlet fluid stream 291, 292 flows toward
each adjacent outlet port 261, 262. In some instances, one portion of an inlet fluid stream 291,
262 may be zero such that the inlet fluid stream 291, 292 may not bifurcate, and the entirety of
the inlet fluid stream 291, 292 flows toward one adjacent outlet port 261, 262 and none of the
inlet fluid stream 291, 292 flows toward the other adjacent outlet port 261, 262, As the
unsteady inlet fluid streams 291, 292 collide in the interaction chamber 240, the flow rate of
each portion of each bifurcated inlet fluid stream 291, 292 varies. Each portion of each of the
inlet fluid streams 291, 292 flows to an adjacent outlet port 261, 262 and combine 1o form the
fluid outlet stream 293, 294 exiting the outlet port 261, 262 and respective outlet nozzle 281,
282, As seen in FIGS. 24, 2C, and 2D, a portion of the first inlet fluid stream 291 and a
portion of the second inlet fluid stream 292 combine to form the first outlet fluid stream 293,
and the other portion of the first inlet fluid stream 291 and the other portion of the second iniet
fluid stream 292 combine to form the second outlet fluid stream 294.

{0039] When the flow rate of one of the portions of an inlet siream 291, 292 is greater
than the flow rate of the portion of the other adjacent inlet stream 291, 292, the portion of the
inlet stream 291, 292 with the greater flow rate will cause the resulting ocutlet stream 261, 262
to exit the ocutlet nozzle 281, 282 at an angle directed away from the greater flow rate portion
and representative of the proportions of the flow rates of the two portions combining to create
the outlet fhuid stream 293, 204,

[0040] For example, the device 200 in FIG. 2A shows that the first outlet Auid stream
293 receives a higher flow rate portion from the second inlet fluid stream 292 than from the
first inlet fluid stream 291, and the second outlet fluid stream 294 receives a higher flow rate
portion from the first inlet fluid stream 291 than from the second inlet fluid stream 292.
However, because the inlet fluid streams 291, 292 are unsteady, the flow rate of each of the
hifurcated portions of the inlet fluid streams 291, 292 vary over time, causing the proportions

of flow rates creating the outlet fluid stream 293, 294 to vary. FIG. 2C shows the same device
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200 as in FIG. 2A, but in FIG. 2C, the unsteady inlet fluid streams 291, 292 have changed such
that the first outlet fluid stream 293 now receives a higher flow rate portion from the first inlet
fluid stream 291 than from the second inlet fluid stream 292, and the second ouilet fluid stream
294 receives a higher flow rate portion from the second inlet fluid stream 292 than from the
first inlet fluid stream 291, As seen in a comparison of FIG. 2A and FIG. 2C, the variation in
flow rates of the portions of the inlet fluid streams 291, 292 causes the angle of the resulting
outlet streams 293, 294 to vary, causing the outlet flund streams 293, 294 to sweep from side to
side over time. FIG. 2D shows a time average of the sweeping outlet fluid streams 293, 294 of
the device 200 shown in FIGS. 2A-2C.

[0041} The spacing and configuration of the inlet ports 251, 252, fluid supply inlets
271, 272, outlet ports 261, 262, and outlet nozzles 281, 282 can be altered to achieve different
sweeping effects. Each of the first inlet port 251 and the second inlet port 252 shown in FIG.
2A-D are defined along the chamber wall 242 between the first outlet port 261 and the second
outlet port 262, and each of the first outlet port 261 and the second outlet port 262 are defined
along the chamber wall between the first inlet port 251 and the second inlet port 252, The
interaction chamber 240 shown in FIG. 2A-D has a central axis 244 extending perpendicular to
the first side 232 and second side 234 of the middle portion 230. Each of the first inlet port
251, the second inlet port 252, the first outlet port 261, and the second outlet port 262 is
circumferentially spaced along the chamber wall 242 at 90° around the central axis 244. Thus,
the first inlet port 251, the second mnlet port 252, the first outlet port 261, and the second outlet
port 262 of the device 200 shown in FIG. 2A-D are disposed equally spaced along the chamber
wall 242 However, in other implementations, the inlet ports and outlet ports are arranged in
any order and spacing to achieve a desired sweeping effect,

[0042} The first inlet fluid siream 291 and the second inlet fluid stream 292 shown in
FIG. 2A-D include a liquid, but in other implementations, the first inlet fluid stream and the
second inlet fluid stream are a gas.

[0043] Although the device 200 shown in FIG, 2A-D includes first and second inlet
ports 251, 252, first and second outlet ports 261, 262, first and second fluid supply infets 271,
272, and first and second outlet nozzles 281, 282, in other implementations, the device can
include any number of two or more inlet ports, outlet ports, fluid supply inlets, and outlet
nozzles. FIG. 3 shows a sweeping jet device 300 having N total inlet ports 350 and outlet ports
360 and N total fluid supply inlets 370 and outlet nozzles 380, wherein N is 3 number four or

more. Similar reference numbers are emploved in FIG. 3 for designating similar elements
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shown in FIG. 2. FIG. 4 shows a sweeping jet device 400 wherein N equals six such that the
device 400 has three inlet ports 451, 452, 453, three outlet ports 461, 462, 463, three flurd
supply inkets 471, 472, 473, and three outlet nozzles 481, 482, 483. Similar reference numbers
are employed in FiG. 4 for designating similar elements shown in FIG. 2. FIG. 5 shows a
sweeping jet device 500 wherein N equals eight such that the device 500 has four inlet ports
551, 552, 553, 554, four outlet ports 561, 562, 563, 564, four fluid supply inlets 571, 572, 573,
574, and four outlet nozzles 581, 582, 583, 584, Similar reference numbers are emploved in
FIG. 5 for designating similar elements shown in FIG. 2. As shown in FIG. 3, the interaction
chamber 340 has a central axis 344 extending perpendicular to the first side 332 and second
side 334 of the middle portion 330, and each of the at least two inlet ports 350 and at least two
outlet ports 360 is circumferentially spaced along the chamber wall 342 at 8 = 360°/N around
the central axis 344. Howaever, as stated above, in other implementations, the inlet and outlet
ports are spaced and disposed in any order along the chamber wail.

[o044} A number of implementations have been described. Nevertheless, it will be
understood that various medifications may be made without departing from the spirit and
scope of the claims. Accordingly, other implementations are within the scope of the following
claims.

[0045] Certain terminology is used herein for convenience only and is not to be taken
as a limitation on the present claims In the drawings, the same reference numbers are
employed for designating the same elements throughout the several figures. A number of
examples are provided, nevertheless, it will be understood that vanous modifications can be

made without departing from the spinit and scope of the disclosure herein. As used in the

L P oLl

specification, and in the appended claims, the singular forms “a,” “an,” “the” include plural
referents unless the context clearly dictates otherwise. The term “comprising” and variations
thereof as used herein is used synonymously with the term “inciuding” and variations thereof
and are open, non-limiting terms. Although the terms “comprising” and “including”™ have been
used herein to describe various implementations, the terms “consisting essentially of” and
“consisting of” can be used in place of “comprising” and “including” to provide for more

specific implementations and are also disclosed.

10

CA 03158373 2022-5-13



WO 2021/096515 PCT/US2019/061505
WHAT IS CLAIMED IS:

1. A sweeping jet device with multidirectional output, the device comprising:

a first portion, a second portion, and a middle portion having a first side and a second
side, the first side of the middle portion being coupled to the first portion and the second side
of the middle portion being coupled to the second portion, the middie portion comprising:

an interaction chamber defined by a chamber wall extending between the first
side and the second side of the middle portion, wherein the chamber wall defines a first inlet
port, a second inlet port, a first outlet port, and a second outlet port;

& first fluid supply inlet contigured to introduce a first inlet fluid siream through
the first inlet port and into the interaction chamber;

a second fluid supply inlet configured to introduce a second inlet tiuid stream
through the second inlet port and into the interaction chamber;

a first outlet nozzle configured to discharge a first outlet fluid stream from the
interaction chamber through the first outlet port and the first outiet nozzle; and

a second outlet nozzle configured to discharge a second outlet fluid stream from
the interaction chamber through the second outlet port and the second outlet nozzle,

wherein the first inlet fluid stream collides with the second inlet fluid stream
within the interaction chamber, and

wherein the collision of the first inlet fluid stream with the second inlet fluid
stream causes the first outlet fluid stream to sweep as the first outlet fluid stream is discharged
from the first outlet nozzle and causes the second outlet fluid stream to sweep as the second

outlet theid stream is discharged from the second outlet nozzle.

2, The device of claim 1, wherein the interaction chamber has a central axis extending
perpendicular to the first side and second side of the middle portion, and cach of the first inlet
port, the second inlet port, the first outlet port, and the second outlet port is circumferentially

spaced along the chamber wall at 90° around the central axis.

3. The device of claim 1, wherein each of the first inlet port and the second inlet port are
defined along the chamber wall between the first cutlet port and the second outlet port, and
each of the first outlet port and the second outlet port are defined along the chamber wall

between the first inlet port and the second inlet port.
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4. The device of claim 1, wherein the first fluid supply inlet continuously introduces the
first iniet fluid stream into the interaction chamber and the second fluid supply inlet

continuously introduces the second inlet fluid stream into the interaction chamber.

5. The device of claim 1, wherein the first fluid supply inlet introduces the first inlet luid
stream into the interaction chamber at a constant flow rate and the second fluid supply inlet

mntroduces the second niet fluad stream i1nto the interaction chamber at a constant flow rate.

6. The device of claim 5, wherein the first inlet fluid stream and the second inlet fluid
stream have the same flow rate.
7. The device of claim 1, wherein the first inlet fluid stream and the second inlet fluid

stream comprise a liquid.

8. The device of claim 1, wherein the first inlet fluid stream and the second inlet fluad

stream comprise a gas.

9. A sweeping jet device with multidirectional output, the device comprising:

a first portion, a second portion, and a middle portion having a first side and a second
side, the first side of the middle portion being coupled to the first portion and the second side
of the middle portion being coupled to the second portion, the middie portion comprising:

an interaction chamber defined by a chamber wall extending between the first
side and the second side of the middle portion, wherein the chamber wall defines at least two
inlet ports and at least two outlet ports;

at least two fluid supply inlets, each of the at least two fluid supply inlets
configured to introduce one of at least two inlet fluid streams through a respective one of the
at least two inlet ports and into the interaction chamber; and

at least two outlet nozzles, each of the at least two outlet nozzles configured to
discharge one of at least two outlet fluid streams from the interaction chamber through a
respective ane of the at {east two outlet ports and through the outlet nozzle;

wherein the at least two infet fluid streams collide with each other within the

wmteraction chamber, and
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wherein the collision of the at {east fwo inlef fluid streams with each other
causes each of the at least two outlet fluid streams to sweep as the at least two outlet fluid

streams are discharged from respective outlet nozzles.

10. The device of claim 9, wherein the interaction chamber has a central axis extending
perpendicalar to the first side and second side of the middie portion, and each of the at least
two inlet ports and at least two outlet ports is circumferentially spaced along the chamber wall

at 360°/N around the central axis, wherein N is the total number of inlet ports and outlet ports.
11. The device of claim 10, wherein N = 6.

12. The device of ¢claim 10, wherein N=8,

13. The device of claim 9, wherein each of the at least two inlet poris is defined along the
chamber wall between two adjacent outlet ports, and each of the at least two outlet poris is

defined along the chamber wall between two adjacent inlet ports.

14. The device of claim 9, wherein each of the at least two Huid sepply inlets continuously

iniroduces one of the at least two inlet fluid streams into the interaction chamber.

15 The device of claim 9, wherein each of the at least two fluind supply inlets introduces

one of the at least two inlet flind streams into the inieracnon chamber at a2 constant flow rate,

6. The device of claim 15, wherein each of the at least two inlet fluid streams has the

same flow rate.

17. The device of claim 9, wherein each of the at least two inlet fluid streams comprises a
liquid.

18. The device of claim 9, wherein each of the at least two inlef fluid streams comprises a
gas.
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