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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] Thisinvention relates to fluid handling process-
es and apparatus. More particularly, this invention relates
to a fluidic oscillator that can control the spraying of high
viscosity fluids so that such sprays are uniformly distrib-
uted over their target areas.

2. DESCRIPTION OF THE RELATED ART

[0002] Fluidic oscillators are well known in the prior art
for their ability to provide a wide range of liquid spray
patterns by cyclically deflecting a liquid jet. The operation
of most fluidic oscillators is characterized by the cyclic
deflection of a fluid jet without the use of mechanical mov-
ing parts. Consequently, an advantage of fluidic oscilla-
tors is that they are not subject to the wear and tear which
adversely affects the reliability and operation of other
spray devices.

[0003] Examples of fluidic oscillators may be found in
many patents, including U.S. Patent Nos. 3,185,166
(Horton & Bowles), 3,563,462 (Bauer), 4,052,002
(Stouffer & Bray), 4,151,955 (Stouffer), 4,157,161 (Bau-
er), 4,231,519 (Stouffer), which was reissued as RE
33,158, 4,508,267 (Stouffer), 5,035,361 (Stouffer),
5,213,269 (Srinath), 5,971,301 (Stouffer), 6,186,409
(Srinath) which discloses the features or method steps,
respectively, of the preambles of claims 1 or 10, and
6,253,782 (Raghu).

[0004] The nature of the typical oscillations in the flow
of a liquid exhausting from such devices into a gaseous
environment is shown in FIGS. 1A-1C. The alternating
formation of vortices in the top and bottom regions of
downstream end of the oscillator’s interaction chamber
is seen to cause the flow from its outlet to be alternately
swept upward or downward such the oscillator’s output
is spread over a fan angle of approximately 26.

[0005] This type of oscillating liquid jet can yield a va-
riety of patterns for the downstream distribution of the
liquid droplets that are formed as this liquid jet breaks
apartin the surrounding gaseous environment. One such
possible distribution pattern is shown in FIG. 1C.
[0006] For the spraying of high viscosity liquids, the
"mushroom oscillator" disclosed in U.S. Patent No.
6,253,782 and shown in FIG. 2 has been found to be
especially useful. However, the flow from such a fluidic
oscillator is characterized by having the swept jet, that
issues from it, dwell on the end positions of its sweep
such that its downstream distribution of droplets, which
impact upon a plane that is perpendicular to the direction
of the spray, is heavy ended as characterized by a larger
volume of the liquid being collected at the two ends of
the distribution. See FIG. 3. Considerable difficulties
have been encountered in trying to get this type of fluidic
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oscillator to operate so as to yield more spatially uniform
droplet distributions.

[0007] Despite much prior art relating to fluidic oscilla-
tors, there still exists a need for further technological im-
provements in this area. For example, there still exist
situations in which the known fluidic oscillators are inca-
pable of providing the desired spray patterns under all
ranges of operating conditions (e.g., uniform spatial dis-
tribution of droplets from high viscosity sprays). Such sit-
uations are known to arise in various automotive appli-
cations under conditions of extremely cold temperatures.

3. OBJECTS AND ADVANTAGES

[0008] There has been summarized above, rather
broadly, the prior art that is related to the present inven-
tion in order that the context of the present invention may
be better understood and appreciated. In this regard, it
is instructive to also consider the objects and advantages
of the present invention.

[0009] Itis an object of the present invention to provide
new, improved fluidic oscillators and fluid flow methods
that are capable of generating oscillating, fluid jets with
spatially uniform droplet distributions over a wide range
of operating temperatures.

[0010] It is another object of the present invention to
provide improved fluidic oscillators and fluid flow meth-
ods that are capable of generating oscillating, fluid jets
with high viscosity liquids.

[0011] Itis yet another object of the present invention
to provide improved fluidic oscillators and fluid flow meth-
ods thatyield fluid jets and sprays of droplets having prop-
erties that make them more efficient for surface cleaning
applications.

[0012] These and other objects and advantages of the
present invention will become readily apparent as the
invention is better understood by reference to the accom-
panying summary, drawings and the detailed description
that follows.

SUMMARY OF THE INVENTION

[0013] Recognizing the need for the development of
improved fluidic oscillators that are capable of operating
to spray high viscosity fluids whose droplets are more
uniformly distributed over their target areas, the present
invention is generally directed to satisfying the needs set
forth above and overcoming the disadvantages identified
with prior art devices and methods.

[0014] In accordance with the present invention, the
foregoing need can be satisfied by providing a fluidic os-
cillator according to claim 1 or a method according to
claim 10.

[0015] In a first preferred embodiment, this oscillator
is configured such that: (a) one of each of the power
nozzles is located proximate each of the chamber’s
boundary edges, (b) its nozzles are configured to accel-
erate the movement of the pressurized fluid that flows
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through the nozzles, (c) its throat has right and left side-
walls thatdiverge downstream, and (d) the power nozzles
and island are oriented and scaled such as to generate
flow vortices behind the island that are swept out of the
throat in a manner such that these vortices flow alter-
nately proximate the throat’s right sidewall and then its
left sidewall.

[0016] In a second preferred embodiment, this oscil-
lator’s interaction chamber has a floor that is sloped
downward in the direction from the upstream to the down-
stream portion of the chamber, with a preferred magni-
tude for this slope to be in the range of 10 to 20 degrees.
[0017] In a third preferred embodiment, this oscillator
has a step in the height elevation of the floor of the power
nozzles with respect to that of the chamber’s floor, with
a preferred range for the ratio of the height of this step
to the height of the power nozzle being 0.10 to 0.20.
[0018] Thus, there has been summarized above, rath-
er broadly, the presentinvention in order that the detailed
description that follows may be better understood and
appreciated. There are, of course, additional features of
the invention that will be described hereinafter and which
will form the subj ect matter of the claims to this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIGS. 1A-1C illustrate the nature of the typical oscil-
lations in the flow of a liquid exhausting from a fluidic
oscillator into a gaseous environment and how the
droplets of the flow from such an oscillator are swept
over the fan angle of 26.

FIG. 2, as disclosed in U.S. Patent No. 6,253,782,
shows a prior art "mushroom oscillator" having an
interaction region into which enters the jets from a
pair of power nozzles; these jets interact to form in-
teracting vortices which yield an oscillating flow from
the fluidic’s throat.

FIG. 3 illustrates the spray flow from a mushroom
oscillatorof FIG. 2 and how it results ina heavy ended
distribution of liquid droplets on a plane perpendic-
ular to the path of the spray; with such a distribution
being characterized by a larger volume of the liquid
being collected at the two ends of the distribution
FIG. 4 shows an example of a typical fluidic spray
device that is mounted in an automobile’s hood to
spray the front windshield.

FIG. 5A shows a preferred embodiment of the new
"three jetisland" fluidic circuit of the presentinvention
and the flow phenomena in and from this oscillator
at aninstant when the vortices formed at the island’s
trailing edges are equivalent in size.

FIG. 5B illustrates more details of the geometry of
the interaction chamber, power nozzles and throat
shown in FIG. 5A

FIG. 6 shows a preferred embodiment of the new
"three jetisland" fluidic circuit of the presentinvention
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and the flow phenomena in and from this oscillator
ataninstant when the vortex behind the island’s right
trailing edge dominates.

FIG. 7 shows a preferred embodiment of the new
"three jetisland" fluidic circuit of the presentinvention
and the flow phenomena in and from this oscillator
at an instant when the vortex behind the island’s left
trailing edge dominates.

FIG. 8 illustrates for the fluidic circuit shown in FIGS.
5-7 the spatial distribution of liquid droplets that im-
pact on a plane perpendicular to the path of the
spray; with such a distribution being characterized
as being uniform across the height of the spray.
FIG. 9 shows another preferred embodiment of the
new "three jet island" fluidic circuit of the present
invention; with this embodiment having a more com-
pact geometry than that of the oscillator shown in
FIGS. 5-7.

FIG. 10 shows another preferred embodiment of the
new "three jet island" fluidic circuit of the present
invention; with this embodiment having two rows of
staggered filter posts.

FIG. 11 illustrates the flat or two-dimensional fan
spray that is characteristic of the new "three jet is-
land" fluidic circuits of the present invention.

FIGS. 12A - 12B illustrate the top and centerline,
side views of the downstream end of a three-jet is-
land oscillator whose interaction chamber has a
downward sloped or tapered floor.

FIG. 13 illustrates a top-side perspective view of the
downstream end of a three-jet island oscillator which
has a downward step at each of the points where
the power nozzles exit into the interaction chamber.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] Before explaining at least one embodiment of
the present invention in detail, it is to be understood that
the invention is not limited in its application to the details
of construction and to the arrangements of the compo-
nents set forth in the following description or illustrated
in the drawings. The invention is capable of other em-
bodiments and of being practiced and carried out in var-
ious ways.

[0021] Also, itis to be understood that the phraseology
and terminology employed herein are for the purpose of
description and should not be regarded as limiting. For
example, the discussion herein below generally relates
toliquid spray techniques; however, it should be apparent
that the inventive concepts described herein are appli-
cable also to the dispersal of other fluids, including gases,
fluidized solid particles, etc.

[0022] The presentinvention involves methods for cre-
ating fluidic oscillators of the type that are suitable for
generating oscillating, fluid jets having very distinctive
and controllable flow patterns over a wide range of op-
erating conditions, such as those that are encountered
in various automotive windshield, headlamp and rear
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windshield cleaning applications. FIG. 4 shows an exam-
ple of a typical fluidic spray device that is mounted in an
automobile’s hood to spray the front windshield. This flu-
idic spray device consists of: (a) an automotive housing
10, (b) a check valve 12, consisting of a piston 12a and
a spring 12b, which connects at the check valve’s down-
stream end to the inlet of the housing flow tube 14, and
atits upstream end to an elbow 16 which directs fluid into
the check valve, and (c) a fluid flow or fluidic insert 18
that is inserted into a cavity 20 that has been especially
configured in the housing so as to receive the insert and
form a fluid-tight seal between the cavity’s sealing sur-
faces 22 and the insert’s outer surfaces.

[0023] There are many different and well known de-
signs of fluidic circuits or fluidic oscillators 2 that are suit-
able for use with these fluidic inserts. Many of these have
some common features, including: at least one power
nozzle 24 configured to accelerate the movement of the
fluid that flows under pressure through the insert, an in-
teraction chamber 26 through which the fluid flows and
in which the fluid flow phenomena is initiated that will
eventually lead to the flow from the insert being of an
oscillating nature, a fluid source inlet 28, an fluid outlet
30 from which the fluid exits the insert, and filter posts
32 that are located upstream of the power nozzle and
serve tofilter any larger diameter debris particles that are
contained in the fluid flowing through the insert before
these particles clog either the downstream power nozzles
or the circuit’s outlet.

[0024] As previously mentioned, itis desirable to have
a fluidic oscillator that can operate with high viscosity
liquids and give a more spatially uniform distribution of
its spray droplets than that which is currently achieved
with the "mushroom oscillator," see FIG. 2, the typical
oscillator which is used in high viscosity, liquid applica-
tions. To satisfy this need, | invented the fluidic circuit
shown in FIGS. 5-7 and which | refer to as a "three jet,
island oscillator."

[0025] This new circuit is composed of three power
nozzles 24, an interaction chamber 26 and an island 34
that sits in the interaction region 26 and is downstream
of the center of the three power nozzles 24.

[0026] The interaction chamber 26 can be considered
to have an upstream 26a and a downstream 26b portion,
with the upstream portion having a pair of boundary edg-
es 26¢, 26d and a longitudinal centerline 26e equally
spaced from these edges. See FIG. 5B.

[0027] In a preferred embodiment, one of each of the
power nozzles is seen to be located at each of the edges
26¢, 26d of the interaction chamber’s upstream portion,
and the third power nozzle is located on approximately
the centerline 26e of the interaction chamber’s upstream
portion.

[0028] Additionally, the chamber’s outlet or throat 30
from which a spray exhausts from the chamber’s down-
stream portion 26b has right 30a and left 30b sidewalls
that diverge downstream. Theisland 34 is located directly
downstream of the power nozzle that is located on the
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centerline 26e of the interaction chamber.

[0029] By appropriately orienting and scaling these el-
ements, one is able to generate flow vortices behind the
island that are swept out of the throat in a manner such
that the vortices are alternately proximate the throat’s
right sidewall and then its left sidewall.

[0030] A triangular shape has been selected as a first
preferred embodiment for this island 34, although other
shapes (e.g., circular) are possible. See FIG. 5B. This
triangular island is oriented so that one of its intersection
points 34a, 34b, 34c faces the oncoming flow from the
center power nozzle.

[0031] The flow patterns atsuccessive instancesin this
oscillator are shown by the flow streamlines which are
superimposed in FIGS. 5-7. Vortices are seen to be shed
from the downstream edges of the triangular island 34.
At an instance when these vortices are of approximately
the same size, they act to equally block the flow coming
from the outer power nozzles so that more liquid flows
through the center power nozzle, around the island and
exits the oscillator along the direction of the centerline of
the oscillator’s outlet or throat 30. See FIG. 5A.

[0032] Because of instabilities in this flow pattern, the
vortices behind the island will not remain symmetric for
long. Consequently, a flow pattern like that shown in ei-
ther FIGS. 6 or 7 may quickly develop in alternating in-
stances.

[0033] In FIG. 6, the situation is shown in which the
vortex behind the right, trailing edge of the island 34 has
grown at a faster rate than that being shed from its left,
trailing edge. As aresult, the flow through the right power
nozzle is more blocked than that through the left or center
power nozzles. With the majority of the flow through the
interaction region 26 being from the left side, the flow
from the oscillator’s outlet 30 is seen to be deflected to
the right side of the outlet’s centerline.

[0034] As the vortex which is growing behind the is-
land’s right, trailing edge gets larger, it will eventually be
swept further downstream and all or part of it will flow
through the oscillator’s outlet. Shortly after this instance,
the vortices behind the island’s trailing edges will be more
nearly the same size, but the vortex behind the island’s
left side will now be growing faster than the one behind
the island’s right side. A short time later, the flow through
the oscillator will more closely resemble that shown in
FIG. 7.

[0035] At this instant, the left vortex dominates and
blocks the flow through the left power nozzle. Conse-
quently, flow through the right side of the oscillator 18
dominates and deflects the outlet flow from the oscillator
so that its direction of flow is to the left of the centerline
of the oscillator’s outlet 30. The combination of the flow
phenomena seen is FIGS. 5-7 is the sweeping from one
side to the other of the flow from the oscillator.

[0036] Forflowrates and oscillator outlets sized appro-
priately for use in automotive windshield cleaning appli-
cations and using close to a water solution as the liquid
flowing through such an oscillator, the Strouhal number,
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S, for these flows has been observed to be almost con-
stant, where:

S = fdiv
with:
f = frequency of oscillator’'s sweeping action (cps)
d = width of the oscillator’s island (cm)
v = velocity through the oscillator’s center power noz-
zle (cm/sec)
S = Strouhal number.
[0037] Additionally, it has been found that placing the

oscillator island 34 directly downsream of the oscillator’s
center power nozzle yields a uniform distribution of drop-
lets in the spray flowing from the oscillator at fan angles
in the range of 20 to 130 degrees. See FIG. 8. For such
a uniform spatial distribution, the downstream location of
the oscillator island 34 must not be too close to the center
power nozzle or so far from it that the island would tend
to split the flow from the power nozzles at the edges of
the interaction chamber 26. For power nozzles of width
0.37 mm, a distance of 1.75 mm between the nozzle exit
and the lead point on the island has been found to be
sufficient to yield a relatively uniform droplet distribution.
[0038] Shown in FIG. 9 is another preferred embodi-
ment for the present invention. In this embodiment, the
geometry of the oscillator is more compact (i.e., its inter-
action region 26 is closer to its fluid source inlet 28) and
the passageways leading to the two outside power noz-
Zles are smaller in size and thus more restrictive than
those for the embodiment of the oscillator shown in FIGS.
5-7. For example, with the center power nozzle having a
width of 0.48 mm, the outside power nozzles have awidth
of 0.37 mm.

[0039] Shown in FIG. 10 is another preferred embod-
iment for the present invention. In this embodiment, the
general geometry of the oscillator 18 is similar to that
shown in FIG. 9 and to this embodiment has been added
two rows of staggered filter posts 36 which are situated
just downstream of the fluid source inlet 28. This stag-
gered arrangement of filter posts has proven to be an
improvement over the single row of filter posts that are
typically used in fluidic oscillators. The minimum dimen-
sion here is the diagonal distance between the posts.
The clogging of a path between these posts will not have
as negative an effect as would the clogging of a path in
the single row of filter posts.

[0040] As a result of the more uniform, spatial distri-
bution of liquid droplets from fluidic oscillators of the type
disclosed herein, the sprays from these oscillators are
often referred to as uniform flat or uniform two-dimen-
sional fan sprays. Such a spray is illustrated in FIG. 11.
[0041] In some instances, it is desirable to increase
the thickness of such sprays. It has been found that this
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can be accomplished by providing a downward taper 36
or slope to the floor 38 of the interaction region 26 of such
oscillators. See FIGS. 12A - 12B which show the top view
and a centerline, side view of the downstream end of a
three-jet island oscillator that has a downward sloped
floor.

[0042] Downward tapers 36 or slopes in the range of
10 to 20 degrees have been found to yield relative thick
sprays, i.e., the top and bottom edges of such sprays are
seento diverge so asto haveincluded anglesinthe range
of 5 to 15 degrees.

[0043] In those instances when such oscillators are
used in colder environments, it has been found helpful
for maintaining their operating characteristics to provide
them with higher input pressures (i.e., above their stand-
ard input pressures of 5-15 psi) so as to compensate for
the resulting higher viscosities (i.e., approximately 20
centipoise and higher) of the liquids passing through
them at lower temperatures. When it is not possible or
convenient to impose such higher input pressures, it has
been found that certain design modifications also help to
preserve the operating characteristics of these circuits.
[0044] One such design modification is the introduc-
tion of a step 40a, 40b, 40c beneath each of the power
nozzles at the point where their exits 42a, 42b, 42c in-
tersect with the interaction chamber 26. See FIG. 13.
[0045] The effect of such steps is to cause a small flow
separation region under the flow that jets from the power
nozzles into the interaction chamber. The mixing of the
relatively higher velocity jets exiting the power nozzles
with that of the slower moving fluid that it entrains from
below creates the desired instabilities in the jet's flow
characteristics. This action is seen to promote the con-
tinued oscillatory nature of the flow from such an insert
as the temperature of the fluid flowing through it is de-
creased.

[0046] It has been observed that the larger the relative
height of the step to that of the power nozzle, the more
the oscillating nature of the insert’s spray can be pre-
served as the temperature of the fluid flowing through
the insert is decreased. However, it also has been ob-
served that the fan angles of such sprays tend to de-
crease slightly with such temperature decreases. Hence,
it has proven best to identify at a desired colder operating
temperature a specific ratio of the step height to the noz-
zle height so as to yield a sufficiently robust oscillating
flow in which there is minimal decrease if in the fan angle
of the resulting spray.

[0047] For power nozzles of height 0.85 - 0.92 mm in
a fluidic insert that is operating at a pressure of 5-15 psi,
a step height of in the range of 0.08 - 0.16 mm has been
experimentally found to yield adequate flow instabilities
in the interaction chamber so as to yield, at lower tem-
peratures, a robust oscillating flow with minimal fan angle
decreases from such an insert. Step height to power noz-
zle height ratios in the range of 0.10 - 0.20 have been
found to significantly improve the cold performance of
such oscillators. Optimal performance was achieved with
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ratios of 0.12-0.15.

[0048] Although the foregoing disclosure relates to
preferred embodiments of the invention, it is understood
that these details have been given for the purposes of
clarification only. Various changes and modifications of
the invention will be apparent, to one having ordinary skill
in the art, without departing from the scope of the inven-
tion as hereinafter set forth in the claims.

Claims

1. A fluidic oscillator (2) that operates on pressurized
fluid flowing through said oscillator to generate an
exhaust flow in the form of a spray of fluid droplets,
said oscillator comprising:

an inlet (28) for said pressurized fluid,

a set of power nozzles (24) that are fed by said
pressurized fluid from said inlet,

an interaction chamber (26) attached to said
nozzles and which receives said flow from said
nozzles,

said chamber having an upstream (26a) and a
downstream (26b) portion, said upstream por-
tion having a pair of boundary edges (26¢, 26d)
and a longitudinal centerline (26e) that is ap-
proximately equally spaced between said edg-
es,

a throat (30) from which said spray exhausts
from said interaction chamber,

characterised by a set of three power nozzles (24),
one of said power nozzles (24) being located proxi-
mate said longitudinal centerline (26e) of said inter-
action chamber, and

an island (34) located in said interaction chamber
(26),

said island (34) being situated downstream of said
power nozzle (24) that is located proximate said lon-
gitudinal centerline (26e) of said interaction cham-
ber.

2. The fluidic oscillator as recited in Claim 1, wherein:

one of said power nozzles (24) being located
proximate each of said interaction chamber, up-
stream portion boundary edges (26c, 26d),
said nozzles (24) configured to accelerate the
movement of said pressurized fluid that flows
through said nozzles, and

said throat (30) having right (30a) and left (30b)
sidewalls that diverge downstream.

3. The fluidic oscillator as recited in Claim 2,
wherein said power nozzles (24) and said island (34)
being oriented and scaled such as to generate flow
vortices behind said island that are swept out of said
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10.

throat in a manner such that said vortices flow alter-
nately proximate said right sidewall (30a) and then
said left sidewall (30b) of said throat.

The fluidic oscillator as recited in Claim 1 or Claim
3, wherein:

said island (34) being configured to have a tri-
angular shape with three intersection points
(34a, 34b, 34c) defined by the sides of said is-
land, and

said island being oriented such that one of said
points (34a, 34b, 34c) faces the oncoming flow
from said power nozzle (24) that is located prox-
imate said longitudinal centerline (26e) of said
interaction chamber.

The fluidic oscillator as recited in Claim 1 or claim 4,
further comprising filter posts (32) situated between
said fluid inlet (28) and said power nozzles (24).

The fluidic oscillator as recited in Claim 1 or claim 4,
wherein:

said interaction chamber (26) having afloor (38),
and

said floor being sloped downward in the direction
from said upstream (26a) to said downstream
(26b) portion of said chamber.

The fluidic oscillator as recited in Claim 6, wherein
the amount of said floor slope being in the range of
10 to 20 degrees.

The fluidic oscillator as recited in Claim 1 or claim 4,
further comprising a step (40a, 40b, 40c) in the height
elevation of the floor of said power nozzles (24) with
respect to that of said floor (38) of said interaction
chamber.

The fluidic oscillator as recited in Claim 8, wherein
the ratio of the height of said step (40a, 40b, 40c) to
the height of said power nozzle (24) is in the range
of 0.10 to 0.20.

A method of forming a spray of fluid droplets, said
method comprising the steps of:

causing a pressurized fluid to flow into an inlet
(28),

placing a set of power nozzles (24) downstream
from said inlet,

attaching an interaction chamber (26) down-
stream from said nozzles and configuring said
chamber to receive said flow from said nozzles,
said chamber (26) having an upstream (26a)
and a downstream (26b) portion, said upstream
portion having a pair of boundary edges (26c,
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26d) and a longitudinal centerline (26€) that is
approximately equally spaced between said
edges,

providing said chamber with a throat (30) from
which said spray exhausts from said interaction
chamber,

characterised by providing a set of three power
nozzles (24), one of said power nozzles (24) being
located proximate said longitudinal centerline (26e)
of said interaction chamber, and

locating an island (34) in said interaction chamber,
said island (34) being situated downstream of said
power nozzle (24) that is located proximate said lon-
gitudinal centerline (26e) of said interaction cham-
ber.

The method as recited in Claim 10, wherein:

one of said power nozzles (24) being located
proximate each of said interaction chamber, up-
stream portion boundary edges (26c, 26d),
said nozzles (24) configured to accelerate the
movement of said pressurized fluid that flows
through said nozzles, and

said throat having right (30a) and left (30b) side-
walls that diverge downstream.

The method as recited in Claim 11,

wherein said power nozzles (24) and said island (34)
being oriented and scaled such as to generate flow
vortices behind said island that are swept out of said
throat (30) in a manner such that said vortices flow
alternately proximate said right (30a) sidewall and
then said left (30b) sidewall of said throat.

The method as recited in Claim 10 or 12, wherein:

said island (34) being configured to have a tri-
angular shape with three intersection points
(34a, 34b, 34c) defined by the sides of said is-
land, and

said island being oriented such that one of said
points (34a, 34b, 34c) faces the oncoming flow
from said power nozzle (24) that is located prox-
imate said longitudinal centerline (26e) of said
interaction chamber.

The method as recited in Claim 10 or 13, further com-
prising the step of situating filter posts (32) between
said fluid inlet (28) and said power nozzles (24).

The method as recited in Claim 10 or 13, wherein:

said interaction chamber having a floor (38), and
said floor being sloped downward in the direction
from said upstream (26a) to said downstream
(26b) portion of said chamber.
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16.

17.

18.

19.

12

The method as recited in Claim 15, wherein the
amount of said floor slope being in the range of 10
to 20 degrees.

The method as recited in Claim 10 or 13, further com-
prising the step of providing a step (40a, 40b, 40c)
in the height elevation of the floor of said power noz-
zles with respect to that of said floor of said interac-
tion chamber.

The method as recited in Claim 17, wherein the ratio
of the height of said step 40a, 40b, 40c) to the height
of said power nozzle (24) is in the range of 0.10 to
0.20.

An automotive windshield washing apparatus com-
prising:

a fluidic oscillator (2) as claimed in any one of
claims 1-9, configured as an insert (18), in a
housing (19) of said apparatus.

Patentanspriiche

1.

Fluidikoszillator (2), welcher auf ein unter Druck ste-
hendes Fluid, das diesen Fluidikoszillator durch-
stromt, einwirkt und eine Ausgangsstrdmung in
Form eines Sprihstrahls aus Fluidtropfchen er-
zeugt, wobei der genannte Fluidikoszillator

einen Einlass (28) fir das genannte unter Druck ste-
hende Fluid,

eine Anzahlvon Leistungsdiisen (24), denen das ge-
nannte Druckfluid vom genannten Einlass her zuge-
fuhrt wird,

eine Wechselwirkungskammer (26) anschliessend
an die Dusen, in welche das genannte Fluid aus den
genannten Dusen eingeleitet wird, wobei diese ge-
nannte Kammer einen stromaufwarts gelegenen Be-
reich (26a) mit zwei begrenzenden Randern (26c,
26d) und einen stromabwarts gelegenen Bereich
(26b) sowie eine langsgerichtete Mittellinie (26e)
aufweist, die von beiden genannten Randern etwa
gleich weit entfernt verlauft, und

eine Einschnirung (30), durch welche der genannte
Sprihstrahl aus der genannten Wechselwirkungs-
kammer austritt,

aufweist,

gekennzeichnet

durch eine Gruppe von drei Leistungsdiisen (24),
wobei eine der genannten Leistungsdiisen (24) be-
nachbart zur genannten langsgerichteten Mittellinie
(26e) der genannten Wechselwirkungskammer an-
geordnet ist, und

durch eine Insel (34), welche in der genannten
Wechselwirkungskammer (26) vorgesehen ist, wo-
bei diese Insel (34) stromabwarts von derjenigen ge-
nannten Leistungsdiise (24) gelegen ist, welche be-
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nachbart zur genannten l&ngsgerichteten Mittellinie
(26e) der genannten Wechselwirkungskammer an-
geordnet ist.

Fluidikoszillator nach Anspruch 1, bei dem

eine der genannten Leistungsdiisen (24) in der Nahe
beider begrenzenden Rander (26c¢, 26d) des strom-
aufwarts gelegenen Bereiches der Wechselwir-
kungskammer angeordnet ist,

die Disen (24) so konfiguriert sind, dass sie die Stro-
mung des genannten unter Druck stehenden Fluids
beschleunigen, welches durch die genannten Disen
stromt, und

die genannte Einschniirung (30) eine rechte (30a)
und eine linke (30b) Seitenwandung aufweist, wobei
diese Wandungen stromabwarts auseinanderlau-
fen.

Fluidikoszillator nach Anspruch 2,

bei dem die genannten Leistungsdiisen (24) und die
genannte Insel (34) derart orientiert und ausgelegt
sind, dass hinter der genannten Insel Stromungswir-
bel erzeugt werden, die aus der Einschnirung derart
ausgestossen werden, dass diese Wirbel abwech-
selnd nahe der rechten Seitenwandung (30a) und
anschliessend nahe derlinken Seitenwandung (30b)
der genannten Einschniirung austreten.

Fluidikoszillator nach Anspruch 1 oder 3, bei dem
die genannte Insel (34) derart konfiguriert ist, dass
sie eine dreieckige Form besitzt, welche drei Schnitt-
punkte (34a, 34b, 34c) aufweist, die von den Seiten
der Insel definiert werden, und

die genannte Insel derart orientiert ist, dass einer der
genannten Punkte (34a, 34b, 34c) der ankommen-
den Strdmung gegentiberliegt, die von der genann-
ten Leistungsdise (24) her kommt, welche benach-
bart zur genannten langsgerichteten Mittellinie (26€)
der genannten Wechselwirkungskammer angeord-
net ist.

Fluidikoszillator nach Anspruch 1 oder 4, welcher
weiterhin Filterstabe (32) aufweist, welche zwischen
dem genannten Fluideinlass (28) und den genann-
ten Leistungsdiisen (24) angeordnet sind.

Fluidikoszillator nach Anspruch 1 oder 4, bei dem
die genannte Wechselwirkungskammer (26) eine
Bodenflache (38) aufweist und

sich diese Bodenflache in Richtung vom stromauf-
warts gelegenen Bereich (26a) zum genannten
stromabwarts gelegenen Bereich (26b) der genann-
ten Kammer neigt.

Fluidikoszillator nach Anspruch 6, bei dem die Nei-
gung der Bodenflache im Bereich zwischen 10° und
20° liegt.
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8.

10.

11.

Fluidikoszillator nach Anspruch 1 oder 4, welcher
weiterhin eine Stufe (40a, 40b, 40c) in Hohe des Bo-
dens der genannten Leistungsdisen (24) gegen-
Uber der genannten Bodenflache (38) der genannten
Wechselwirkungskammer aufweist.

Fluidikoszillator nach Anspruch 8, bei dem das Ver-
héltnis der Hohe dieser Stufe (40a, 40b, 40c) zur
Hohe der genannten Leistungsdisen (24) im Be-
reich von 0,10 bis 0,20 liegt.

Verfahren zur Erzeugung eines Sprihstrahls aus
Fluidtropfchen, welches die folgenden Schritte ent-
halt:

Einleiten eines unter Druck stehenden Fluids
durch einen Einlass (28),

Anordnen einer Anzahl von Leistungsdisen
(24) stromabwarts vom genannten Einlass,
Anbringen einer Wechselwirkungskammer (26)
stromabwarts von den genannten Disen und
Konfigurieren dieser Kammer zur Aufnahme
des Abstroms der genannten Disen, wobei die
genannte Kammer (26) einen stromaufwarts ge-
legenen Bereich (26a) mit zwei begrenzenden
Randern (26¢, 26d) und einen stromabwarts ge-
legenen Bereich (26b) sowie eine langsgerich-
tete Mittellinie (26e) aufweist, die von beiden ge-
nannten Randern etwa gleich weit entfernt ver-
lauft,

Versehen der genannten Kammer mit einer Ein-
schniirung (30), durch welche der genannte
Spriihstrahl aus der genannten Wechselwir-
kungskammer austritt,

gekennzeichnet

durch den Einbau einer Gruppe von drei Leistungs-
disen (24), wobei eine der genannten Leistungsdu-
sen (24) benachbart zur genannten langsgerichteten
Mittellinie (26e) der genannten Wechselwirkungs-
kammer angeordnet ist, und

Einsetzen einer Insel (34) in die genannte Wechsel-
wirkungskammer, wobei diese Insel (34) stromab-
warts von derjenigen genannten Leistungsdiise (24)
gelegen ist, welche benachbart zur genannten
langsgerichteten Mittellinie (26e) der genannten
Wechselwirkungskammer angeordnet ist.

Verfahren nach Anspruch 10, bei dem

eine der genannten Leistungsdiisen (24) in der Nahe
beider begrenzenden Rénder (26c, 26d) des strom-
aufwarts gelegenen Bereiches der Wechselwir-
kungskammer angeordnet ist,

die Disen (24) so konfiguriert sind, dass sie die Stro-
mung des genannten unter Druck stehenden Fluids
beschleunigen, welches durch die genannten Diisen
stromt, und

die genannte Einschniirung eine rechte (30a) und
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eine linke (30b) Seitenwandung aufweist, wobei die-
se Wandungen stromabwarts auseinanderlaufen.

Verfahren nach Anspruch 11, bei dem

die genannten Leistungsdiisen (24) und die genann-
te Insel (34) derart orientiert und ausgelegt werden,
dass hinter der genannten Insel Strémungswirbel er-
zeugt werden, die aus der Einschniirung (30) derart
ausgestossen werden, dass diese Wirbel abwech-
selnd nahe der rechten Seitenwandung (30a) und
anschliessend nahe derlinken Seitenwandung (30b)
der genannten Einschnirung austreten.

Verfahren nach Anspruch 10 oder 12, bei dem

die genannte Insel (34) derart konfiguriert wird, dass
sie eine dreieckige Form aufweist, welche drei
Schnittpunkte (34a, 34b, 34c) aufweist, die von den
Seiten der Insel definiert werden, und

die genannte Insel derart orientiert wird, dass einer
der genannten Punkte (34a, 34b, 34c) der ankom-
menden Strémung gegeniiberliegt, die von der ge-
nannten Leistungsdiise (24) her kommt, welche be-
nachbart zur genannten langsgerichteten Mittellinie
(26e) der genannten Wechselwirkungskammer an-
geordnet ist.

Verfahren nach Anspruch 10 oder 13, welches als
zusétzlichen Schritt die Anordnung von Filterstaben
(32) zwischen dem genannten Fluideinlass (28) und
den genannten Leistungsdiisen (24) umfasst.

Verfahren nach Anspruch 10 oder 13, bei dem

die genannte Wechselwirkungskammer eine Bo-
denflache (38) aufweist und

sich diese Bodenflache in Richtung vom stromauf-
warts gelegenen Bereich (26a) zum genannten
stromabwarts gelegenen Bereich (26b) der genann-
ten Kammer neigt.

Verfahren nach Anspruch 15, bei dem
die Neigung der Bodenflache im Bereich zwischen
10 und 20° liegt.

Verfahren nach Anspruch 10 oder 13, bei dem als
zusatzlicher Schritt

eine Stufe (40a, 40b, 40c) in Hohe des Bodens der
genannten Leistungsdiisen gegeniber der genann-
ten Bodenflache der genannten Wechselwirkungs-
kammer vorgesehen wird.

Verfahren nach Anspruch 17, bei dem das Verhaltnis
der Hohe dieser Stufe (40a, 40b, 40c) zur H6he der
genannten Leistungsdisen (24) im Bereich von 0,10
bis 0,20 liegt.

Waschanlage fiir Windschutzscheiben von Automo-
bilen, welche
einen Fluidikoszillator (2) nach einem der Anspriiche
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1 bis 9 aufweist, der als Einsatz (18) in ein Gehause
(19) der genannten Anlage ausgestaltet ist.

Revendications

Oscillateur de fluide (2) agissant sur un fluide sous
pression circulant a travers ledit oscillateur afin de
générer un flux de sortie sous forme d’un jet de gout-
telettes de fluide, ledit oscillateur comprenant :

une entrée (28) dudit fluide sous pression,

un jeu de tuyéres de puissance (24) alimentées
par ledit fluide sous pression arrivant de ladite
entrée,

une chambre d’interaction (26) attachée auxdi-
tes tuyéres et qui recoit le flux de fluide prove-
nant desdites tuyeres, cette chambre compre-
nant une partie en amont (26a) et une partie en
aval (26b), cette partie en amont présentant une
paire de bords de limitation (26¢c, 26d) et une
ligne médiane longitudinale (26e) qui s’étend a
une distance approximativement égale desdits
bords, et

un étranglement (30) a travers duquel ledit jet
quitte ladite chambre d’interaction,

caractérisé

par un jeu de trois tuyeres de puissance (24), une
de ces tuyeres de puissance (24) étant placée a
proximité de ladite ligne médiane longitudinale (26€)
de la chambre d’interaction, et

par un ilot (34) situé dans ladite chambre d’interac-
tion (26), cet ilot (34) étant placé en aval de cette
tuyére de puissance (24) qui est disposée a proxi-
mité de ladite ligne médiane longitudinale (26e) de
la chambre d’interaction.

Oscillateur de fluide selon la revendication 1, dans
lequel :

une desdites tuyéres de puissance (24) est si-
tuée a proximité de chacun des bords de déli-
mitation (26c¢, 26d) dans la partie en aval de la-
dite chambre d’interaction,

lesdites tuyeres (24) sont configurées pour ac-
célérer le mouvement dudit fluide de pression
qui s’écoule a travers desdites tuyéres, et

ledit étranglement (30) comporte des parois la-
térales droite (30a) et gauche (30b) qui diver-
gent dans la direction aval.

Oscillateur de fluide selon la revendication 2, dans
lequel lesdites tuyéres de puissance (24) et ledit ilot
(34) sont orientés et échelonnés pour générer des
tourbillons du flux derriére ledit flot, tourbillons qui
sont portées a l'extérieur a travers ledit étranglement
de telle fagon que ces tourbillons s’écoulent alterna-
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tivement a proximité de la paroi latérale droite (30a)
et ensuite a proximité de ladite paroi latérale gauche
(30b) dudit étranglement.

Oscillateur de fluide selon la revendication 1 ou 3,
dans lequel :

ledit Tlot 34 est configuré pour présenter une for-
me triangulaire avec trois points d’intersection
(34a, 34b, 34c) définis par les cotés dudit Tlot, et
ledit ilot est orienté de telle fagon qu’un desdits
points (34a, 34b, 34c) est dirigé vers le flux ar-
rivant a partir de ladite tuyére de puissance (24)
qui est située a proximité de ladite ligne médiale
longitudinale (26e) de ladite chambre d’interac-
tion.

Oscillateur de fluide selon la revendication 1 ou 4,
comprenant en plus des tiges de filtre (32) situées
entre ladite entrée de fluide (28) et lesdites tuyeres
de puissance (24).

Oscillateur de fluide selon la revendication 1 ou 4,
dans lequel :

ladite chambre d’interaction (26) présente un
plancher (38),

ledit plancher étant incliné a partir de la partie
en amont (26a) vers la partie en aval (26b) de
ladite chambre.

Oscillateur de fluide selon la revendication 6, dans
lequel la grandeur de l'inclinaison du plancher est
comprise entre 10° et 20°.

Oscillateur de fluide selon la revendication 1 ou 4,
comprenant en plus une marche (40a, 40b, 40c) au
niveau du plancher desdites tuyéres de puissance
(24) par rapport a la hauteur du plancher (38) de
ladite chambre d’interaction.

Oscillateur de fluide selon la revendication 8, dans
lequel le rapport entre la hauteur de ladite marche
(40a, 40b, 40c) et la hauteur de ladite tuyére de puis-
sance (24) est compris entre 0,10 et 0,20.

Procédé pour former un jet de gouttelettes de fluide,
comprenant les étapes suivantes :

d’amener un fluide sous pression a affluer dans
une entrée (28),

de placer un jeu de tuyéres de puissance (24)
en aval de cette entrée,

d’attacher une chambre d’interaction (26) en
aval desdites tuyéres et de configurer ladite
chambre pour recevoir le flux de fluide prove-
nant desdites tuyéres, cette chambre (26) com-
prenant une partie en amont (26a) et une partie
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10

en aval (26b), cette partie en amont présentant
une paire de bords de délimitation (26c, 26d) et
une ligne médiane longitudinale (26e) qui
s’étend a une distance approximativement éga-
le desdits bords, et

de munir ladite chambre d’un étranglement (30)
a travers lequel ledit jet quitte ladite chambre
d’interaction,

caractérisé par le fait

qu’un jeu de trois tuyéres de puissance (24) est pré-
vu, une de ces tuyeres de puissance (24) étant pla-
cée a proximité de ladite ligne médiane longitudinale
(26€) de la chambre d’interaction, et

qu’un flot (34) est disposé dans ladite chambre d’in-
teraction, cet Tlot (34) étant placé en aval de cette
tuyére de puissance (24) qui est disposée a proxi-
mité de ladite ligne médiane longitudinale(26e) de
la chambre d'interaction.

11. Procédé selon la revendication 10, dans lequel :

une desdites tuyéres de puissance (24) est si-
tuée a proximité de chacun des bords de déli-
mitation (26c¢, 26d) dans la partie en aval de la-
dite chambre d’interaction,

lesdites tuyeres (24) sont configurées pour ac-
célérer le mouvement dudit fluide de pression
qui s’écoule a travers desdites tuyéres, et

ledit étranglement comporte des parois latérales
droite (30a) et gauche (30b) qui divergent dans
la direction aval.

12. Procédé selon la revendication 11, dans lequel :

lesdites tuyéres de puissance (24) et ledit ilot
(34) sont orientés et échelonnés pour générer
des tourbillons de flux derriere ledit flot, tour-
billons qui sont portées a I'extérieur a travers
ledit étranglement 30 de telle fagon que ces tour-
billons s’écoulent alternativement a proximité de
la paroi latérale droite (30a) et ensuite a proxi-
mité de ladite paroi latérale gauche (30b) dudit
étranglement.

13. Procédé selon la revendication 10 ou 12, dans

lequel :

ledit Tlot 34 est configuré pour présenter une for-
me triangulaire avec trois points d’intersection
(34a, 34b, 34c) définis par les cotés dudit Tlot, et
ledit ilot est orienté de telle fagon qu’un desdits
points (34a, 34b, 34c) est dirigé vers le flux ar-
rivant a partir de ladite tuyére de puissance (24)
qui est située a proximité de ladite ligne médiale
longitudinale (26e) de ladite chambre d’interac-
tion.
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Procédé selon la revendication 10 ou 13, compre-
nant en plus I'étape d’insérer des tiges de filtre (32)
entre ladite entrée de fluide (28) et lesdites tuyeres
de puissance (24).

Procédé selon la revendication 10 ou 13, dans
lequel :

ladite chambre d’interaction présente un plan-
cher (38),

ledit plancher étant incliné a partir de la partie
en amont (26a) vers la partie en aval (26b) de
ladite chambre.

Procédé selon la revendication 15, dans lequel la
grandeur de linclinaison du plancher est comprise
entre 10° et 20°.

Procédé selon la revendication 10 ou 13, compre-
nant en plus I'étape de prévoir une marche (40a,
40b, 40c) au niveau du plancher desdites tuyeres de
puissance par rapport a la hauteur du plancher de
ladite chambre d'’interaction.

Procédé selon la revendication 17, dans lequel le
rapport entre la hauteur de ladite marche (40a, 40b,
40c) et la hauteur de ladite tuyére de puissance (24)
est compris entre 0,10 et 0,20.

Appareil de nettoyage du pare-brise d’'un automobi-
le, comprenant un oscillateur de fluide (2) selon I'une
des revendications 1 a 9, configuré sous forme d’'un
insert (18) placé dans un boitier (19) dudit appareil.
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