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least one of the discharge openings, and a plurality of 
oscillating members, one located in each of the fluid control 
chambers, configured to be rapidly oscillated by the flow of 
liquid into the respective pulsating control chamber via its 
inlet passageway, and to drive the liquid via its outlet 
passageway out of the respective discharge opening in the 
form of pulses. 
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PULSATING SPRAYING DEVICE 

RELATED APPLICATION 

The present application is related to my patent application 
Ser. No. 08/138,285 filed Oct. 20, 1993, now U.S. Pat. No. 
5,390,850 of Feb. 21, 1995. 

FIELD AND BACKGROUND OF THE 
INVENTION 

The present invention relates to pulsating Spraying 
devices. The invention is particularly useful in showerheads, 
and is therefore described below with respect to this 
application, but it will be apprecited that the invention could 
also be used in other types of spraying devices, Such as water 
SprayerS for plants, atomizers, nebulizers, and the like. 
My above-cited U.S. Pat. No. 5,390,850 discloses a 

fluid-flow control device which includes an oscillating mem 
ber freely movable within a housing such that one face of the 
member opens and closes an inlet opening in the housing, 
and the opposite face of the member drives the fluid in the 
form of pulses out of an outlet opening located in the 
opposite side of the housing in axial alignment with the inlet 
opening. 

The device described in that patent application is very 
similar to a dripper device described in my earlier U.S. Pat. 
No. 4,014,473, except that the modifications made to it 
enable it to Serve as a high-frequency fluid pulsator for many 
applications other than for drip irrigation. 

OBJECTS AND BRIEFSUMMARY OF THE 
PRESENT INVENTION 

An object of the present invention is to provide a pulsating 
spraying device, based on the use of oscillating members 
Such as described in the above-cited patent and patent 
application, but particularly useful in showerheads to obtain 
a pulsating Spray discharge, although the devices could 
advantageously be used in other applications as will also be 
described below. 

According to the present invention, there is provided a 
pulsating Spraying device comprising: a housing having an 
inlet for a liquid under pressure, and a plurality of discharge 
openings for discharging the liquid; an inlet chamber com 
municating with the housing inlet; a plurality of pulsating 
control chambers each having an inlet passageway on one 
Side communicating with the inlet chamber, and an outlet 
passageway on the opposite side communicating with at 
least one of the discharge openings, and a plurality of 
oscillating members, one located in each of the pulsating 
control chambers, configured to be rapidly oscillated by the 
flow of liquid into the respective pulsating control chamber 
via its inlet passageway, and to drive the liquid via its outlet 
passageway out of the respective discharge opening in the 
form of pulses. 

According to further features in the described preferred 
embodiment, the plurality of discharge openings are formed 
in a Selector disc of the housing in alignment with the outlet 
passageways. The Selector disc includes at least first and 
Second groups of discharge openings, and is movable to 
Selectively align either group with respect to the outlet 
passageways of the pulsating control chambers. In the 
described preferred embodiment, the first group of discharge 
openings includes a Single discharge opening for each of the 
pulsating control chambers, and the Second group of dis 
charge openings includes at least two discharge openings, 
each of Smaller cross-sectional area than the discharge 
openings of the first group, for each of the pulsating control 
chambers. 
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2 
As will be described more particularly below, such a 

pulsating Spraying device is particularly useful as a show 
erhead to provide pulsating jets of a Selected fineness. Such 
a spraying device also enables the use of larger discharge 
openings, thereby Substantially reducing the Sensitivity of 
the device to clogging and the need for frequent cleaning. A 
further important advantage in the new pulsating spraying 
device is that such device exhibits relatively good flow 
regulation, i.e., Smaller variations in output with variations 
in line pressure. 

Further features and advantages of the invention will be 
apparent from the description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example 
only, with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a longitudinal Sectional view illustrating one 
form of pulsating Spraying device constructed in accordance 
with the present invention; 

FIG. 2 is a plan view illustrating the discharge end of the 
device of FIG. 1; 

FIG. 3 is a plan view illustrating the housing closure plate 
in the device of FIG. 1; 

FIG. 4 is an enlarged fragmentary view more clearly 
illustrating the construction of one of the pulsating control 
chambers in the device of FIG. 1; 

FIG. 5 is a sectional view along line V-V of FIG. 4; and 
FIG. 6 is a fragmentary view illustrating a variation in the 

construction of the spraying device of FIGS. 1-5. 
DESCRIPTION OF A PREFERRED 

EMBODIMENT 

The pulsating Spraying device illustrated in the drawings 
is particularly for use as a showerhead in order to output a 
plurality of pulsating jets which can be Selectively controlled 
by the user. Such a device also provides relatively good flow 
regulation, maintaining a Substantially constant output 
despite variations in the inlet pressure. 
AS Shown in FIG. 1, the device includes a housing, 

generally designated 2, including a main housing Section 3 
having an inlet 4, and a Selector disc 5 formed with discharge 
openings 6 through which the water is discharged in the 
form of a plurality of pulsating jets. A closure plate or disc 
7 is fixed by threads to close the end of the main housing 
section 3 opposite to that formed with the inlet 4. An 
intermediate plate or disc 8 is clamped to the main housing 
Section 3 when the closure disc 7 is applied to the housing 
Section. Closure disc 7 is formed with a central stem 9 which 
rotatably receives the selector disc 5 formed with the dis 
charge openings 6 and is retained thereon by a retaining nut 
10. 

The inner Surface of the main housing Section 3 is formed 
with a plurality of projections or posts 11 which are engaged 
by the intermediate disc 8 to define an inlet chamber 12 
communicating with the inlet 4. The intermediate disc 8 is 
further formed with a circular array of bores 13 which serve 
as inlet passageways to a circular array of pulsating control 
chambers 14 defined by the contacting faces of the inter 
mediate disc 8 and closure disc 7. Thus, the intermediate 
disc 8 is formed with a circular array of cavities 8a, and the 
closure disc 7 is similarly formed with a circular array of 
cavities 7a, Such that when the two discs are assembled 
together, the two Series of cavities 7a, 8a together define a 
circular array of pulsating control chambers 14 each com 
municating with an inlet passageway 13 through the inter 
mediate disc. 
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The outlet passageways from chambers 14 are formed 
through the closure disc 7. Each outlet passageway is 
constituted of a bore 15 extending axially through closure 
disc 7, and a slot 16 extending radially of the disc, as shown 
particularly in FIG. 3. The radial slots 16 are formed on the 
outer face of the closure disc 7 facing Selector disc 5, and are 
alignable with the discharge opening 6 formed in that disc. 
A seal 18 is provided between housing section 3 and closure 
plate 7, and another seal 19 is provided between closure 
plate 7 and selector disc 5. 

Each of the circular array of pulsating control chambers 
14 includes an oscillating member 20 which is freely mov 
able within the chamber. Each oscillating member 20 is 
configured so as to be rapidly oscillated by the flow of water 
(or other liquid) into the respective fluid control chamber 14 
via the inlet passageway 13, and to drive the liquid via its 
outlet passageway (bore 15 and slot 16) out of the respective 
discharge opening 6 in the form of high-frequency pulses. 

The construction of each of the pulsating control cham 
bers 14, and the oscillating member 20 within the chamber, 
is more particularly illustrated in FIGS. 4 and 5. Thus, as 
shown in FIG. 4, the inner face of each pulsating control 
chamber 14 through which the inlet passageway 13 is 
formed is of convex configuration. The end 13a of the inlet 
passageway 13 formed through the convex face of cavity 8a 
is slightly reduced in diameter. The outlet bore 15 from the 
respective pulsating control chamber 14 is axially aligned 
with the inlet passageway 13, and is of slightly larger 
diameter than end 13a of that passageway. The inner Surface 
of each cavity 7a defining the outlet end of each of the 
pulsating control chambers 14 is formed with four Spacer 
ribs 17 of L-shaped configuration, each including a leg 17a 
extending radially with respect to the outlet bore 15, and a 
leg 17b extending axially with respect to that bore. 

Each oscillating member 20 disposed within each pulsat 
ing control chamber 14 is in the form of a thin, inperforate 
disc of concave configuration on its opposite faces 20a, 20b. 
Face 20a facing the inlet passageway 13, is formed with a 
radius of curvature Slightly larger than that of the convex 
face of cavity 8a such that the two faces diverge away from 
each other from the inlet passageway 13. Concave face 20b 
on the opposite side of disc 20 is preferably of the same 
configuration as concave face 20 So that the discS 20 may be 
inserted with either face facing the inlet passageway 13 
when assembling the device. 

Each disc 20 is of an overall thickness to permit axial 
oscillatory movement of the disc toward and away from the 
inner end 13a of the inlet passageway 13. During the 
oscillations of each disc, its face 20a moves into and out of 
contact with the convex face of the respective pulsating 
control chamber 14 to close and open the inlet passageway 
13. 
The radially-extending legs 17a of ribs 17 are engageable 

by face 20b of each disc 20 to space the disc from the 
respective face of the pulsating control chamber 14, and 
thereby to prevent the disc from completely closing the 
outlet bore 15. The axially-extending legs 17b of ribs 17 are 
engageable by the outer periphery of the disc 20 to maintain 
a continuous flow between the opposite faces of the disc, and 
thereby a continuous flow of the water through the pulsating 
control chambers 14 to the outlet passageways 15, 16. 

The external selector disc 5 enables the user to select the 
type of pulsating Spray to be discharged from the device. In 
the example illustrated in FIG. 2, this disc is formed with 
two groups of discharge openings, shown at 6a and 6b, 
respectively; each group is Selectively alignable with the 
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4 
radial Slot 16 in the outlet passageway from each of the 
pulsating control chambers 14. In the example illustrated in 
FIGS. 1-3, the device includes a circular array of twelve 
pulsating control chambers, and therefore Selector disc 5 
includes a first group of twelve discharge openingS 6a 
interlaced with a Second group of twenty-four discharge 
openings 6b. The first group of discharge openingS 6a 
includes but a Single opening alignable with the radial slots 
16 in the outlet passageways of the pulsating control cham 
bers 14, whereas the Second group of discharge openings 6b 
includes two openings, each of Smaller cross-sectional area 
than opening 6a and in radial alignment with each other, So 
as to be alignable with the radial slot 16 of the outlet 
passageways in the respective pulsating control chambers 
14. 

FIG. 1 illustrates selector disc 5 in the position wherein 
the two Smaller openings 6b are in alignment with the outlet 
passageways from the respective pulsating control chambers 
14, and therefore the device will discharge a plurality (24 in 
this case) of Small-diameter pulsating jets from the discharge 
openings 6b. If a coarser Spray is desired, the user would 
rotate Selector disc 5 to align the larger-diameter discharge 
openings 6a with the radial slots 16 in the outlet passage 
ways of the pulsating control chambers 14, whereby the 
device will output twelve pulsating jets of larger diameter. 
The illustrated device is used in the following manner: 

The user first Selects the type of pulsating Spray to be 
produced. If a finer pulsating Spray is desired, the user 
rotates selector disc 5 to the position illustrated in FIG. 1, 
wherein the Small-diameter discharge openings 6b are 
aligned with the radial slots 16 in the outlet passageways 
from the pulsating control chambers 14, and if a coarser 
spray is desired, Selector disc 5 would be rotated to align the 
larger-diameter discharge openings 6a with the radial slots 
16. 

When the water is turned on, the water flows through the 
inlet 4, the inlet chamber 8, and the inlet passageways 13 
into the circular array of pulsating control chambers 14. 
Because of the difference in the radii of curvature between 
the concave faces 20a of the oscillating discs 20 in each 
chamber 14, and the convex face through which the inlet 
passageway 13 is formed, a pressure gradient is produced 
between these two faces. This pressure gradient tends to 
draw each disc 20 towards and in contact with the convex 
face of the respective chamber 14, thereby reclosing the end 
13a of the inlet passageway 13. When the inlet passageway 
13 is thus closed, the pressure of the water in the inlet 
passageway 13 again moves the disc 20 away from end 13.a. 
Each disc 20 is thus Set into rapid oscillation, with concave 
face 20a of the disc rapidly closing and opening the inlet 
passageway 13. This rapid oscillation of each disc 20 causes 
its opposite concave face 20b to drive the water out of the 
outlet passageway of the respective chamber 14 (i.e., 
through bore 15 and its radial slot 16) in the form of 
high-frequency pulses. 

If the selector disc 5 is located in the position illustrated 
in FIG. 1, these high-frequency pulses will be discharged via 
the Small-diameter openings 6b in the form of fine pulsating 
jets. If, however, coarser pulsating jets are required, Selector 
disc 5 would be located to align the larger-diameter dis 
charge openings 6a with slots 16. 
The device illustrated in FIGS. 1-5 is thus capable of 

Selecting two types of pulsating jet outlets. It will be 
appreciated, however, that other types of pulsating jet outlets 
may be provided by merely including the appropriate open 
ings in the Selector disc 5. 
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FIG. 6, for example, shows a Selector disc, therein des 
ignated 25, which is formed with a first group of relatively 
large-diameter discharge openings 25a, interlaced with a 
Second group of two discharge openings 25b of Smaller 
diameter than discharge openings 25a, and with a third 
group of discharge openings 25c of larger number but of 
even Smaller diameter. AS described above with respect to 
FIG. 2, each group of discharge openings is formed along 
radial lines of the selector disc 25 so as to be alignable with 
the radial slots 16 in the outlet passageways of the pulsating 
control chambers 14. 

FIG. 6 illustrates a further option that may be provided, 
namely interlaced radial Sections 26 which are devoid of any 
discharge openings, Such that the Selector disc may also be 
used for closing-off or reducing the water discharge from the 
device. 
AS indicated earlier, the device illustrated in the drawings 

is particularly useful for showerheads. It will be appreciated, 
however, that it could also be used in many other 
applications, e.g., as Sprayers for Spraying plants, as nebu 
lizers or atomizers to produce finely distributed drops of 
water, etc. Therefore, while the invention has been described 
with respect to one preferred embodiment (including a 
variation thereof), it will be appreciated that this is set forth 
merely for purposes of example, and that many other 
variations, modifications and applications of the invention 
may be made. 

I claim: 
1. A pulsating Spraying device, comprising: 
a housing having an inlet for a liquid under preSSure, and 

a plurality of discharge openings for discharging the 
liquid; 

an inlet chamber communicating with Said housing inlet, 
a plurality of pulsating control chambers each having an 

inlet passageway on one side communicating with Said 
inlet chamber, and an outlet passageway on the oppo 
Site Side communicating with at least one of Said 
discharge openings, 

and a plurality of oscillating members, one located in each 
of Said pulsating control chambers, rapidly oscillated 
by the flow of liquid into the respective pulsating 
control chamber via its inlet passageway, to drive the 
liquid via its outlet passageway out of the respective 
discharge opening in the form of pulses; 

Said plurality of discharge openings being formed in a 
Selector disc in alignment with Said outlet passagewayS. 

2. The device according to claim 1, wherein Said Selector 
disc includes at least first and Second groups of discharge 
openings, and is movable to Selectively align either group of 
discharge openings with respect to the respective outlet 
passageways of the pulsating control chambers. 

3. The device according to claim 2, wherein Said first 
group of discharge openings includes a single discharge 
opening for each of Said pulsating control chambers, and 
Said Second group of discharge openings includes at least 
two discharge openings, each of Smaller cross-sectional area 
than the discharge openings of Said first group, for each of 
Said pulsating control chambers. 

4. The device according to claim 2, wherein Said plurality 
of pulsating control chambers and their outlet passageways 
are arranged in a circular array around the axis of Said 
housing, and Said Selector disc is rotatable about Said axis of 
the housing to Selectively align either group of discharge 
openings with respect to the respective outlet passageways 
of the pulsating control chambers. 

5. The device according to claim 4, wherein each of Said 
outlet passageways from a pulsating control chamber 
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6 
includes a slot extending radially of the housing, Said 
housing Selector disc being rotatable about the axis of the 
housing to align either group of discharge openings with the 
radially-extending slots of Said outlet passagewayS. 

6. The device according to claim 4, wherein Said housing 
includes: 

a main housing Section formed at one side with Said inlet, 
a closure plate fixed to the opposite Side of the main 

housing Section; 
and an intermediate plate between said main housing 

Section and Said closure plate; 
Said main housing Section including Spacer projections on 

its inner Surface Spacing the intermediate plate there 
from to define said inlet chamber; 

Said intermediate plate being formed with Said plurality of 
inlet passageways through one face communicating 
with said inlet chamber, and being further formed in its 
opposite face with a plurality of cavities each commu 
nicating with one of Said inlet passageways and each 
defining a part of the respective pulsating control 
chamber; 

Said closure plate also being formed with a plurality of 
cavities in one face defining the pulsating control 
chambers with the cavities of the intermediate plate, 
and being further formed with Said outlet passageways 
through its opposite face alignable with the discharge 
openings in Said Selector disc. 

7. The device according to claim 6, wherein Said closure 
plate is formed with a central Stem rotatably mounting Said 
Selector disc. 

8. The device according to claim 1, wherein each of Said 
OScillating memberS is an OScillating disc having one face 
facing the inlet passageway of the respective pulsating 
control chamber and configured to open and close Said inlet 
passageway during the Oscillations of the Oscillating mem 
ber; and wherein each of the pulsating control chambers is 
formed with Spacer means Spacing the opposite face of the 
oscillating disc from the face of the pulsating control cham 
ber formed with Said outlet passageway to prevent the 
oscillating member from closing the outlet passageway. 

9. The device according to claim 8, wherein both faces of 
each oscillating disc are concave, and the face of each 
pulsating control chamber formed with Said inlet passage 
way is conveX and has a radius of curvature Slightly Smaller 
than the radius of curvature of the respective face of the 
oscillating disc, Such that the contacting faces of the oscil 
lating disc and inlet passageway of each pulsating control 
chamber diverge away from each other. 

10. A pulsating spraying device, comprising: 
a housing having an inlet for a liquid under pressure, and 

a plurality of discharge openings for discharging the 
liquid; 

an inlet chamber communicating with Said housing inlet, 
a plurality of pulsating control chambers each including 

an inlet passageway on one side communicating with 
Said inlet chamber, and an outlet passageway on the 
opposite Side communicating with at least one of Said 
discharge openings, 

and a plurality of freely-movable oscillating discs, one 
located in each of Said pulsating control chambers, 
rapidly oscillated by the flow of liquid into the respec 
tive pulsating control chamber via its inlet passageway, 
to drive the liquid via its outlet passageway out of the 
respective discharge opening in the form of high 
frequency pulses; 



6,098,899 
7 

Said plurality of discharge openings being formed in a 
Selector disc in alignment with Said outlet passagewayS. 

11. The device according to claim 10, wherein said 
Selector disc includes at least first and Second groups of 
discharge openings, and is movable to Selectively align 
either group of discharge openings with respect to the 
respective outlet passageways of the pulsating control cham 
bers. 

12. The device according to claim 11, wherein said first 
group of discharge openings includes a single discharge 
opening for each of Said pulsating control chambers, and 
Said Second group of discharge openings includes at least 
two discharge openings, each of Smaller cross-sectional area 
than the discharge openings of Said first group, for each of 
Said pulsating control chambers. 

13. A pulsating spraying device comprising: 
a housing having an inlet for a liquid under preSSure, and 

a plurality of discharge openings for discharging the 
liquid; 

at least one pulsating control chamber having an inlet 
passageway on one side communicating with Said 
housing inlet, and an outlet passageway on the opposite 
Side communicating with at least one of Said discharge 
openings, 

and an oscillating member in Said pulsating control cham 
ber rapidly oscillated by the flow of liquid into said 
chamber via its inlet passageway, to drive the liquid via 
its outlet passageway out of the respective discharge 
opening in the form of pulses; 

Said plurality of discharge openings being formed in a 
Selector disc which is movable to Selectively align the 
discharge openings with respect to the outlet passage 
way of the pulsating control chamber. 

14. The device according to claim 13, wherein said outlet 
passageway from the pulsating control chamber includes a 
Section extending radially of the housing, Said housing 
Selector disc including at least first and Second groups of 
discharge openings, and being rotatable about the axis of the 
housing to align either group of discharge openings with Said 
radially-extending Section of Said outlet passageway. 

15. The device according to claim 13, wherein said 
housing includes: 
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a main housing Section formed at one side with Said inlet, 
a closure plate fixed to the opposite Side of the main 

housing Section; 
and an intermediate plate between said main housing 

Section and Said closure plate; 
Said intermediate plate being formed with Said inlet 

passageway through one face communicating with Said 
inlet and being further formed in its opposite face with 
a cavity communicating with Said inlet passageway and 
defining a part of the respective pulsating control 
chamber; 

Said closure plate also being formed with a cavity in one 
face defining the pulsating control chamber with the 
cavity of the intermediate plate, and being further 
formed with Said outlet passageway through its oppo 
Site face alignable with the discharge openings in Said 
Selector disc. 

16. The device according to claim 13, wherein said 
oscillating member is formed with one face facing the inlet 
passageway of the pulsating control chamber and configured 
to open and close Said inlet passageway during the oscilla 
tions of the oscillating member; and wherein Said pulsating 
control chamber is formed with Spacer means Spacing the 
opposite face of the oscillating member from the face of the 
pulsating control chamber formed with Said outlet passage 
way So as to prevent the oscillating member from closing the 
outlet passageway. 

17. The device according to claim 16, wherein both faces 
of the oscillating members are concave, and the face of the 
pulsating control chamber formed with Said inlet passage 
way is conveX and has a radius of curvature Slightly Smaller 
than the radius of curvature of the respective face of the 
OScillating member, Such that the contacting faces of the 
oscillating member and inlet passageway of the pulsating 
control chamber diverge away from each other. 

18. The device according to claim 13, wherein there are 
a plurality of pulsating control chambers, each having an 
oscillating member and an outlet passageway, arranged in a 
circular array around the axis of the housing; Said Selector 
disc being rotatable about Said axis of the housing to 
Selectively align the discharge openings with respect to the 
outlet passageways of the pulsating control chambers. 
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