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[57] ' ABSTRACT 

A ?uidic oscillator is capable of alternating between 
full and partial channel ?ow states. 1n the partial chan 

nel ?ow state a relatively _ high velocity jet ?ows 
straight through the oscillator interaction region and 
issues through a single outlet opening in a predeter 
mined direction. In the full channel flow state a dif 
fused output ?ow ?lls the interaction region and issues 
from'the same outlet opening at a considerably slower 
velocity and at an angle relative to the high velocity 
jet. In a preferred embodiment the oscillator has an 
annular transversecross-section which surrounds a 
central longitudinal feedback passage. A straight cy 
lindrical outer sidewall of the interaction region ex~ 
tends adjacent the high velocity jet, which issues when 
ambient air enters the feedback passage. Part of the 
high velocity jet is fed back into the interaction region 
to reduce the pressure therein and initiate full channel 
flow. The inner interaction region sidewall has a semi 
teardrop con?gured longitudinal cross-section and 
combines with the outer sidewall to direct the full 
channel flow away from the feedback passage, permit 
tingambient air tore-enter the interaction region and 
re-initiate the partial channel ?ow state. The resulting 
spray of flow pattern alternately widens and narrows 
and is ‘suitable for-shower heads, sink sprays, decora 
tive fountains, etc. In one embodiment an adjustment 
is provided to block ambient air from the interaction 
region to permit a steady, unaerated, full-channel out 
flow. ' 

‘36 Claims, 15 Drawing Figures 
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FLUIDIC OSCILLATOR FOR PROVIDING 
DYNAMIC LIQUID SPRAY PATTERNS 

BACKGROUND OF THE INVENTION 

The present invention relates to ?uidic oscillators 
and, more particularly to a novel ?uidic oscillator capa 
ble of providing a dynamic liquid spray or flow pattern 
having a wide variety of uses. 
The use of ?uidic oscillators in spray devices to pro 

vide dynamic (ii.e. — continuously changing) spray or 
?ow patterns is well known. For example, fluidic oscil 
lators have been employed‘ to provide dynamic spray 
patterns in‘: shower heads. as described in my,U.S. Pat. 
No. 3,563,462 and my US. Pat. No. 3,741,481; in'lawn 
sprinklers, as described in [1.8. Pat. No. 3,432,102; in 
decorative fountains, as. described in U.S. Pat. No. 
3,595 ,479; in water picks and other cleaning apparatus, 
as described in US. Pat. No. 3,468,325; etc. Most of 
these oscillators produce spray patterns which are suit 
able only for use in‘ the speci?c apparatus for which 
they were designed and lack flexibility for use in other 
applications. I have found, however, that the dynamic 
flow pattern described‘ in relation‘ to‘FIGS. 9'and 10 of 
my aforementioned US‘. Pat. No. 3,741,481 (incorpo 
rated herein by reference) has a wide variety of uses. 
Speci?cally, that spray pattern‘ oscillates between a‘ rel 
atively wide conical con?guration and somewhat nar 
row conical or cylindrical core con?guration; that is, 
the spray pattern appears to repetitively open and 
close. This spray pattern not only has a pleasing effect 
for a bather, but it has been found to have numerous 
other uses, such‘as cleaning of surfaces, decorative 
sprays, sterilization of body parts, etc. 
vReferring speci?cally to the oscillator disclosed in 

FIG. 9 of my prior US. Pat. No. 3,741,481, the output 
spray pattern oscillates between two conditions: in one 
condition the output ?ow comprises a relatively high 
velocity liquid jet directed along one wall of the oscilla 
tor output region; in the other condition the output 
?ow spreads and ?lls the entire output region, ‘provid 
ing a slower moving‘?ow. The alternating‘ velocity, 
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combined with the‘ alternating pattern con?guration, ‘ 
has been. found to provide an exceptionally pleasing ef 
fect as a shower spray. Moreover, the pulsating velocity 
effect has been found to be desirable for dislodging dirt 
from surfaces, etc. As a'practical matter, however, this 
oscillator has proven to be difficult to manufacturebe 
cause ,it requires both a crossover feedback path and a 
vent channel communicating with respective opposite 
sides of the oscillator interaction region. 
The oscillator described in relation to FIG. 10 of my 

_aforementioned U.S. Pat. No. 3,741,481 does away 
with the crossover feedback path by employing an in 
teraction region having curved sidewalls which are con 
?gured to reverse the main jet direction after the jet is 
de?ected. However, this oscillator is only capable of 
oscillating the jet and does not have a full channel flow 
condition. This oscillator, therefore, does not have the 
advantage of alternating velocity in the output spray 
pattern but instead is restricted to an alternating spray 
con?guration. ' Moreover, the two curved ?ow 
reversing walls in the oscillator interaction region add 
a complexity factor to this oscillator. ~ 

I have found that, apart from oscillation, the full 
channel ?ow condition of the oscillator, if maintained 
in steady state, is desirable for use in ‘conjunction with 
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kitchen sink faucets. Speci?cally, the steady full chan 
nel flow condition results in a‘ low velocity “soft" 
stream which is devoid of aeration bubbles. Such a 
stream is desirable for drinking water in that it avoids 
the ‘*cloudy" effect produced by aeration in glasses of 
water ?lled from most faucets. A most desirable faucet 
attachment, therefore, would be a spray member which 
is adjustable to have a steady full channel‘ flow in one 
mode and an oscillating velocity and spray configura 
tion in a second or dish washing mode. 

It is therefore an object of the present invention to 
provide a ?uidic oscillator con?guration capable of use 
in a wide variety of spray apparatus. 

It is another object of the present invention to pro 
vide an easily constructed ?uidic oscillator capable of 
providing a dynamic spray pattern in which the spray 
con?guration and spray velocity alternate automati 
cally. ' ' 

It is anotherlobject of the present invention to pro 
vide an easily fabricated shower head employing a flu 
idic oscillator to provide a spray pattern which alter 
nately widens and narrows. ' 

It is another object of the present invention. to pro 
,‘vide a spray member capable of providing a steady, 
non-aerated output flow in one mode and an oscilla 
tory flow in another mode‘. > 

It is still another object of the present invention to 
provide a ?uidic spray apparatus capable of providing . 
a variety of uniquely decorative spray patterns for use 
in decorative fountains or the like. 

SUMMARY OF THE INVENTION 
In accordance with the principles of the present in 

vention, I provide a ?uidic oscillator comprising an an 
nular power nozzle which issues an annular jet into an 
annular interaction chamber having a substantially 
straight outer wall, which is a continuation of the outer 
power nozzle wall, and an inner wall which, in a down 
stream direction, gradually diverges from the outer wall 
and then curves sharply toward the inner wall to pro 
vide an overall semi-teardrop longitudinal cross 

.sectional con?guration. The straight outer wall termi 
nates abruptly at an annular outer edge; the inner wall 
also terminates abruptly at an annular inner edge 
slightly downstream and radially inward of the outer 
edge. The two annular edges de?ne an annular outlet 
opening for the oscillator. A substantially straight cylin- ’ 
drical guide wall extends downstream from the annular 
inner edge of the outletopening and includes one or 

, more openings which communicate with a central feed 
back passage. The feedback passage extends along the 
longitudinal axis of the various annular passages and 
openings to the upstream end of the interaction region. 
If the feedback passage is open to ambient the jet is 
sued by the power nozzle ?ows generally along the 1 
straight outer wall of the interaction region, out 
through the annular outlet opening, and along the cy~ 
lindrical guide wall. Part of this liquid flow enters the 
guide wall openings and into the feedback passage. 
When enough of the fed back liquid enters the passage, 
ambient air is blocked and the annular jet issued from 
the power nozzle is no longer unconstrained. The jet‘ 
then spreads to ?ll the entire interaction region and is 
redirected by the sidewalls to flow through the outlet 
opening at an outwardly divergent‘ angle relative to the 
guide wall. The resultant spray or flow pattern covers 
a wider area than the free jet issued in the previously 
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described state of the oscillator. Air is thus permitted 
to enter the feedback passage to return the oscillator to 
its former state and oscillation continues in this man 
ner. 

The outlet region of the apparatus may be configured 
to direct the ?ow pattern, in its widened state, at what 
ever angle is suitable for the apparatus. In addition, the 
feedback passage may be rendered adjustable to 
change the duty cycle of the oscillator. Moreover, by 
adjustably blocking ?ow of ambient air into the interac 
tion region, the apparatus can be made to operate in a 
steady full channel flow state in which a soft, unaerated 
?ow is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and still further objects, features and ad 
vantages of the present invention will become apparent 
upon consideration of the following detailed descrip‘ 
tion of speci?c embodiments thereof, especially when 
taken in conjunction with the accompanying drawings, 
wherein: 
FIG. 1 is a view in section, taken along lines l—l of 

FIG. 2, of a shower head employing the ?uidic oscilla 
tor of the present invention; 
FIG. 2 is an end view of the shower head of FIG. 1; 

FIG. 3 is an end view of an adjustment screw em 
ployed in the feedback passage of the shower head of 
FIG. 1; 
FIG. 4 is a diagrammatic view of the shower head of 

FIG. 1 illustrating one of the two alternating ?ow 
states; 
FIG. 5 is a diagrammatic view of the shower head of 

FIG. 1 illustrating the other of the two alternating ?ow 
states; 
FIG. 6 is a side view in partial section showing a typi 

cal mounting arrangement for the shower head of FIG. 
1; 
FIG. 7 is a partially diagrammatic view in section of 

a sink spray apparatus employing the ?uidic oscillator 
of the present invention and illustrating the steady full 
channel'?ow mode of the apparatus; 
FIG. 8 is 'a similar view in section of the apparatus of 

FIG. 7, wherein the apparatus has been adjusted to per 
mit ambient air in?ow to cause oscillatory spray opera 
tion; 
FIG. 9 is a view in section ofa modi?ed sink spray ap 

paratus employing the ?uidic oscillator of the present 
invention; 
FIG. 10 is a view in partial section of another modi 

?ed sink ‘spray apparatus employing the ?uidic oscilla 
tor of the present invention; 
FIG. 11 is a view in section of a decorative fountain 

spray apparatus employing the ?uidic oscillator of the 
present invention; 
FIG. 12 is a view in perspective of a ?ow-directing 

member employed with the apparatus of FIG. 11; 
FIG. 13 is a diagrammatic illustration of the appara 

tus of FIG. 11 in a typical operating environment; 
FIG. 14 is a diagrammatic view of one of two alter 

nating ?ow patterns produced by the apparatus of FIG. 
11; and 
FIG. 15 is a diagrammatic view of the other of the 

two alternating flow patterns produced by the appara 
tus of FIG. 11. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring speci?cally to FIGS. 1, 2 and 3 of the ac 
companying drawings, a shower head 10, disposed 
axi-symmetrically about axis A—~A’. is formed from 
?ve primary components, namely: housing 11; jet me 
tering member 12; nozzle member 13; barrel 14; and 
needle valve 15. The components are preferably 
formed of a hard. water-repellent plastic but may be 
made of suitable rust-resistant metal if desired. 
The outer periphery of housing 11 includes a series 

of cylindrical sections of various diameter. most of 
which are arranged to ?t within the interior of barrel 
14. Three sections of the housing periphery require 
speci?c mention; these are: threaded section 17, lo 
cated at the inlet or upstream end of the shower head; 
radially extending flange 19 located proximate the out 
let or downstream end of the shower head; and a small 
annular chamfer 21 formed between the inlet and out 
let ends approximately one-third the way from the inlet 
end. Chamfer 21 forms an annular ramp which diverges 
radially outward for a short distance toward the outlet 
end and terminates abruptly to provide a radially in 
ward-extending annular shoulder which faces the outlet 
end of the shower head. Flange 19 includes a radially 
extending annular surface 20 which faces the inlet end 
of the shower head. 
The interior of housing 11 is hollow and includes 

three distinct sections. A ?rst cylindrical section 23 ex 
tends a short distance from the inlet end of the shower 
head before terminating in a radially inward-extending 
shoulder 25 which demarks the start of a second cylin 
drical section 27 of somewhat smaller diameter than 
section 23. Section 27 constitutes most of the length of 
the housing interior and terminates at the inner annular 
edge 28 of an outwardly-extending shoulder 29. The 
remainder of the housing interior includes a frusto 
conical section 31 which ?ares outwardly from shoul 
der 29 to the downstream or outlet end of the shower 
head. 
The outer surface of barrel 14 has a generally frusto 

conical con?guration, ?aring outwardly in a down 
stream direction. This outer surface may be provided 
with ridges 33 or other decorative con?gurations. The 
interior of barrel 14 is arranged to engage the periphery 

' of housing 11. Speci?cally, the inner surface of barrel 
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14 is provided with a radially extending shoulder 35 lo 
cated proximate the upstream end of the barrel and ar 
ranged to engage the shoulder terminating chamfer 21 
on housing 11. A second shoulder 37 is provided proxi 
mate the downstream end of the barrel interior and is 
arranged to abut a portion of surface 20 of ?ange 19. 
In assembling the shower head, barrel 14 is pushed over 
the inlet end of housing 11 until shoulder 35 is pushed 
past chamfer 21 and snaps into place. 
Metering jet member 12 includes a cylindrical sec 

tion 41 through which six longitudinally extending liq 
uid inlet holes 43 extend. Inlet holes 43 are equally and 
radially spaced from axis A-A’. Section 41 is adapted 
to ?t within cylindrical section 23 in the interior of 
housing 11. A chamfer 45, similar to chamfer 21 but 
diverging instead of an upstream direction, is provided 
in the periphery of section 41 and is adapted for snap 
fit engagement in a mating groove 47 formed in hous 
ing section 23. _ 
Immediately downstream of section 41, jet metering 

member 12 is provided with a short, small-diameter, 
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cylindrical section which is followed by a somewhat‘ 
larger~diameter cylindrical section 51. The space be» 
tween the periphery of section 51 and section 27 of the 
housing interior de?nes an annular power nozzle 53. 
Continuing in a downstream direction along jet me 

teringmember 12, section 51 is followed by a short 
frusto-conical section 55 of decreasing diameter. The 
smallest diameter of section 55 defines the ‘diameter of 
the following cylindrical section 57 which is provided 

. with six radially‘extending holes 59 which terminate at 
one end of a longitudinal bore. Bore 61 extends along 
axis A-A’ from holes 59 to the downstream end of jet 
metering member 12.‘ Cylindrical section 57 is followed 
by another cylindrical section 63 of slightly smaller di 
ameter, the junction between the two sections being 
de?ned by a radially-extending annular shoulder. Sec 
tion 63 terminates jet metering member 12. 
The upstream end of nozzle member 13 comprises a 

hollow cylindrical section 65 whichis adapted to sur 
round section 57 of jet metering member. The inner 
surface of section 65 is radially spaced from jet meter‘ 
ing member 12 to define an annular flow passage 67 
which communicates, via radial holes 59, with bore 61. 
The upstream end of section 65 is also spaced from jet 
metering member 12 so that annular flow passage 67 
extends past the end of section 65 to define an annular, 
radially outwardly-extending control port 69 proximate 
section 55 of the jet metering member. 
The outer diameter of section 65 is slightly smaller 

than the outer diameter of section 51 of jet metering 
member 12; therefore section 65 is recessed relative to 
section 51 and the annular‘passage 71 formed down 
stream of control port 69 is slightly wider than annular 
power nozzle 53. Passage 71 constitutes the upstream 
portion of an. interaction region of a ?uidic oscillator. 

Downstream of section 65 the exterior of nozzle 
member 13 is contoured to form an annular curved 
sidewall 73 for the interaction region] Proceeding in a 
downstream direction, annular sidewall 73 gradually 
converges inwardly and then begins to diverge sharply 
outward starting at an axial location just prior to shoul 
der 29 and terminating at a sharp annular edge 75 just 
beyond shoulder 29. The extent of the reverse or out~ 
ward curve in sidewall 73 is a matter of choice, depend 
ing upon the out?ow direction desired. Importantly, 
however, annular edge 75 has a diameter which is 
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slightly less than (or at worst equal to) the outside di- . 
ameter of section 65. Consequently, the radial spacing 
between axially displaced annular edges 28 and 75 is at 
least as great as the width of annular flow passage 71. 
The annular opening between edges 28 and 75 consti 
tutes the outlet opening 76 for the ?uidic oscillator. 
The longitudinal cross-section of the interaction region 
formed between straight sidewall 27 and curved side 
wall 73 may best be described as a semi-teardrop. 
Downstream of edge 75 the outer surface of nozzle 

‘member 13 is cylindrical, extending axially toward the 
downstream end of the shower head. This region of the 
nozzle member‘constitutes a cylindrical flow guide wall 

‘ ‘77. Guide wall 77 may be tapered slightly in either di~ 
rection to guide out?ow as desired. 
The downstream end of guide wall 77 is bent or oth 

erwise contoured at two or more locations to provide 
radial openings to the hollow interior of the nozzle 
member. These openings are designated as feedback 
openings 78 for reasons to by fully described. 
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6 
The interior section 79 of nozzle member 13 immedi 

ately downstream of section 65 has a generally cylindri 
cal con?guration and is adapted to receive cylindrical 
section 63 of jet metering member 12 in snap-fit or 
press-?t relation. To this end section 61 is provided 
with an annular chamfer adapted to fit into an annular 
groove in‘ section 73 so as to prevent movement to the 
right (as viewed in FIG. 1) of nozzle member 13 rela 
tive to jet metering member 12. 
Downstream of section 79, nozzle member 13 is pro 

vided with an axially extending cylindrical bore 81 
which aligns with bore 61 in the jet metering member. 
The downstream end of bore 81 tapers outwardly and 
terminates in a somewhat larger threaded bore 83. 
Threaded bore 83 is adapted to engage the externally 

threaded portion of the stem of needle valve 15, the 
point of which adjustably projects into bore 81. Needle 
valve 15 has a pair of longitudinally-extending channels 
85, 87 defined in its threaded stem portion. The up 
stream, unthreaded portion of the needle valve stem is 
of substantially smaller diameter than the threaded por— 
tion and is terminated by a knurled cylindrical knob 89 
having approximately the same outside diameter as 
guide wall 77. When the needle valve is opened, a ?ow 
passage exists from feedback openings 78, channels 85, 
87, bores 81 and 61, holes 59, and flow passage 67 to 
control port 69. When the needle valve is closed the ta 
pered valve stem blocks ?ow communication between 
bore 81 and channels 85, 87. 
Operation of the shower head of FIG. 1 is best de 

scribed in relation to FIGS. 4 and 5 of the accompany 
ing drawings. In FIG. 4 the needle valve 15 is open, per 
mitting the ?uidic oscillator to oscillate. Pressurized 
water (or other liquid) is admitted to the device at inlet 
holes 43 and is applied to annular power nozzle 53. The 
power nozzle issues a power jet into annular v?ow path 
71 of the oscillator interaction region. The con?gura 
tion of the power jet in this ?ow passage depends upon 
the conditions at radial control port 69; that is, the con 
?guration of the jet in passage 71 depends upon 
whether air or water flows to the control port via the 
feedback path. Assume that needle valve 15 is open, as‘ 
illustrated in FIG. 4, and that ambient air is free to ?ow 
through the feedback path (openings 79, channels 85, 
87, boxes 61, 81) to control‘port 69. The annular ‘ 
power jet in flow path 71 ?ows straight through the in 
teraction region adjacent straight sidewall 27. Ambient 
air is free to enter the widened portion of the interac 
tion region, between the annular jet and curved side 
wall 73, thus maintaining the jet undisturbed and un 
constrained as it ?ows adjacent straight sidewall 27, as 
illustrated in FIG. 4. The jet continues to flow straight 
out of the interaction region through outlet opening 76 
and along guide wall 77, thereby maintaining its annu 
lar cross-section upon being issued from the outlet end 
of the shower head 10. A portion of the jet liquid, 
which now blocks ambient air in?ow into feedback 
openings 78, enters the feedback. openings at the base 
of knob 89. In addition, the relatively high velocity of 
the jet, proximate control port I69, tends to aspirate 
fluid from the feedback passage, thereby further induc 
ing entry of jet liquid into feedback openings 78. The 
fed back liquid, upon reaching control port 69, merges 
with the jet and causes it to diffuse and fill the entire 
interaction region. Upon filling the entire region be 
tween both sidewalls 27 and 73 (as illustrated in FIG. 
5), the jet direction is determined by the contours of 
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these sidewalls. (FIG. 5 illustrates needle valve H5 
closed; ‘however, the steady full channel flow resulting 
from closure of the needle valve is the same condition 
as the astable full channel flow condition resulting from 

I blockage of the feedback openings by the power jet). 
The directional contribution imparted to the jet by 
curved sidewall 73 imparts a radially outward velocity 
component; the contribution of straight sidewall 27 is 
to restrain or limit the degree of jet divergence. The re 
sulting ?ow thus proceeds toward diverging wall 31 
which acts as a guide for the out?ow in this state. Since 
the jet no longer blocks feedback openings 78, ambient 
air is once again admitted to the feedback passage and 
causes the jet to return to its partial channel flow state. 
The oscillation cycle repeats in the manner described. 

In the partial channel flow mode illustrated in FIG. 
4, the shower head spray pattern takes the form of a 
high velocity jet or spray of relatively narrow annular 
cross-section and covers a relatively small area. In the 
full-channel ?ow mode illustrated in FIG. 5, the shower 
head spray pattern has a signi?cantly wider annular 
cross-section and provides wider converage. The spray 
pattern thus continuously alternates between wide and 
narrow (or open and closed) states. Moreover, since 
the jet velocity is slower in the full channel flow mode 
than in the partial channel flow mode, the spray pattern 
contains an alternating or cyclic flow velocity compo 
nent. The combination of alternating spray con?gura 
tion and alternating spray velocity provides a pleasur 
able effect on the body of a person using the shower 
head as well as providing an efficient cleansing action. 

With respect to the velocity difference between the 
full and partial channel flow states, it is important to 
note that this difference depends. upon the con?gura 
tion' of the widened portion of the interaction region. 
The frequency of oscillation depends upon the pressure 
of the liquid supplied to the shower head. For one prac 
tical embodiment l have found that a frequency of 
1800 to 2000 cycles per minute is obtained at a supply 
pressure of 30 psi. The con?guration of the interaction 
region effects the delay during the full channel ?ow 
mode, the larger the interaction region, the greater the 
delay. I have found that it is possible to delay the full 
channel flow sufficiently so that out?ow from both 
states is time coincident upon egressing from the 
shower head. Under such conditions the spray pattern 
is in the form of discrete annular pulses of liquid with 
the outer portion “riding’” on the high velocity core. 
These pulses lose their annular configuration as they 
move farther from the shower head, resulting in full 
coverage liquid pulses. These pulses have a pleasing ef 
fect on the bather’s body; more importantly these 
pulses have av cleansing effect which is much greater 
than that provided by a conventional shower spray. 
Specifically, it has been found that pulsating water jets 
and sprays have a sterilizing effect on skin by virtue of 
the fact that the pulses destory and quickly remove 
bacteria therefrom (reference: “Effectiveness of Pul~ 
sating Water Jet Lavage in Treatment of Contaminated 
Crushed Wounds," by A. Gross et al., published in The 
American Journal of Surgery, Volume 124, pages 
373-377, September 1972, and 
therein). Shower head 10 therefore provides an impor 
tant preventive health function as well as a pleasing 
sensation for the user. 
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As illustrated in FIG. 5, when needle valve 15 is 

closed, no ambient air can enter the feedback passage. 
The oscillator is thus maintained in its full channel flow 
mode wherein the relatively wide flow pattern issues 
steadily from the shower head. Simple adjustment of 
knob 89 permits the user to select the oscillating or 
steady flow conditions. 

It should be pointed out that the angle subtended be 
tween wall 31 and axis A--A' in the outlet region of the 
shower head is a matter of choice and can be selected 
to provide whatever degree of spray divergence is de 
sired or required for a particular apparatus. Moreover, 
as described in my aforementioned US. Patent applica 
tion Ser. No. 163,566, the outlet region may be subdi 
vided into multiple individual passages having varied 
angles with respect to axis A—A’, so that a spray pat 
tern comprising multiple individual spray elements is 
provided. The comb-like structure described in said pa 
tent application for providing the multiple spray ele 
ments may be in the form of an adapter which can be 
inserted into the outlet region or not by the user. 

It should also be pointed out that guide wall 77 can 
diverge or converge slightly if desired for a particular 
apparatus. 
Apart from permitting the user to select between os 

cillating and steady ?ow patterns, needle valve 15 is ad 
justable over a range of openings to permit the oscilla 
tion duty cycle to be varied. As the valve is opened to 
a greater extent, the duty cycle of the high velocity nar 
row pattern increases; that is, the narrow pattern sub 
sists for an increasing portion of the oscillation cycle. 
Likewise, narrowing the valve opening increases that 
portion of the cycle in which the wider pattern subsists. 
ln this respect it should be pointed out that the feed 
back passage is sensitive to two parameters: length, 
which establishes the oscillation frequency; and ?ow 
impedance, which affects duty cycle and has negligible 
affect on frequency. Thus, the length of the feedback 
passage is selected to provide the desired frequency for 
the expected range of operating pressures. If desired 
the feedback passage can be provided with bends, etc., 
to increase its length if a low frequency is desired. On 
the other hand the needle valve constitutes a flow re 
strictor which is part of the overall flow impedance in 
the feedback path. Therefore the needle valve permits 
duty cycle adjustment. Supply pressure variations also 
affect duty cycle; that is, the greater the supply pres 
sure, the greater is the full channel ?ow portion of the 
oscillation cycle. Needle valve 15 thus permits the user 
to adjust the duty cycle as desired for different avail 
able supply pressures. 
Another important advantage of shower head 10 is its 

simplicity and ease of fabrication. Speci?cally, the 
shower head includes five pre-fo'rmed or molded parts 
which are simply snapped or threaded together. It is 
thus conducive to low cost mass production runs. 
While the oscillation as described above is of annular 

transverse cross-section having a central feedback 
core, the basic concept of the oscillation is adaptable 
to planar devices. Planar fluidic elements are conven 
tional and this embodiment need not be described in 
detail except to state that such an element is simple to 
construct in view of the fact that the interaction region 
simply has a straight sidewall and a curved sidewall and 
does not require the conventional flow splitter. A single 
outlet opening from which flow can issue in either of 
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two directions further contributes to fabrication sim 
plicity. 
FIG. 6 of the accompanying drawings illustrates a 

I typical mounting arrangement for shower head 10. A 
hollow generally cylindrical socket member 91 is inter 
nally threaded at one end and is adapted to engage 
threaded-portion 17 of housing 11 of the shower head. 
The other end of socket member 91'is adapted to cap 
ture a generally spherical projection 93 at one end of 
a hollow mounting member 95. Spherical projection 93 
is captured in a'ball and socket arrangement whereby 
socket member 91 is permitted universal rotation rela» 
tive to mounting member 95. The other end of mount 
ing member 95 is internally threaded to be secured to 
a standard shower plumbing installation. It is possible 
of course to provide other mounting arrangements for 
the shower head, such as the hand-shower mounting 
arrangement described in my aforementioned U.S. Pa 
tent application Ser. No. 163,566. 
The oscillator employed in shower head 10 has a va 

riety‘of other uses. One other such use is illustrated in 
FIGS. 7 and 8 of the accompanying drawings wherein 
a sink spray adapter 100 is illustrated. Adapter 100 in 
cludes an inner housing member 101, a metering jet 
member 102, a nozzle member 103, and an outer hous~ 
ing member 104. All components are axi-symmetric 
about axis B—B'. The central core of the adapter is 
provided by the hollow interior of inner housing 101 
which receives metering jet member 102 and nozzle 
member 103 in a manner similar to that in which hous 
ing member 11 of shower head 10 receives metering jet 
member 11 and nozzle member 12. However, threaded 
engagement is provided between inner housing 101 and 
metering jet member 102 rather than a snap fit. The 
externally-threaded portion 106 of metering jet mem 
ber 102 which engages inner housing 101 extends be 
yond the inner housing and is adapted to be engaged by 
astandard sink faucet plumbing fixture. Appropriate 
longitudinally-extending inlet holes 107 at the up 
stream end of metering jet member 102 permit entry 
into the adapter of pressurized liquid. 

Instead of the snap fit engagement between barrel 14 
and housing 11 as provided in shower head 10, outer 
housing 104 is internally threaded to engage an exter 
nally threaded section of inner housing 101 at 109. 
Longitudinally-extending channel 111 is de?ned along 
this threaded portion of inner housing 101. When outer 
housing 104 is fully tightened relative tothe inner hous 
ing via threaded engagement 109 (as illustrated in FIG. 
7), channels 111 are blocked at both ends from com 
munication with ambient. At their upstream ends chan 
nels 111 are sealed by virtue of the fact that the up 
stream edge 113 of outer housing 104 abuts a shoulder 
115 of inner housing 101; at the downstream end of 
channels 111 an inwardly projecting annular edge ‘117 
of outer housing ‘abuts the outer wall of inner housing 
101. ‘ 

When threaded engagement 109 is loosened some 
what (as illustrated in FIG. 8), channels 111 communi 
cate between ambient air and the outlet region of the 
oscillator. Speci?cally, the upstream edge 103 of outer 
housing 104 is displaced from inner housing shoulder 
115 to permit ambient air to enter the channels. Like 
wise, annular edge l17 is displaced downstream of 
inner housing 101 to provide an opening 119 from the 
channels 111 into the oscillator interaction region. 
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10 
The interior of the sink adapter oscillator is con 

structed in a manner similar to the shower head oscilla 
tor. An annular power nozzle 121 is formed between 
the inner housing 101 and metering jet member 102. 
The interaction region is de?ned between inner hous 
ing 101 and nozzle member 103 and includes an .up 
stream annular ?ow passage 125 and a downstream re’ 
gion de?ned between straight wall 127 of the inner 
housing and curved wall 129 contoured in the nozzle 
member. Straight wall 127 de?nes one side of power 
nozzle 121 as well as one side of the interaction region. 
The separation between the annular edges of walls 127 
and 129 de?nes an annular outlet opening 131 for the 
interaction region. 
There is no counterpart to needle valve 15 in sink 

adapter 100. Feedback openings are in the form of ra» 
dial holes 137 de?ned through ?ow guidewall 135 and 
extending into the central longitudinal feedback bore 
139 extending through nozzle member 103. Feedback 
bore 139 aligns with one end of a similar bore 141 in 
metering jet member 102, the other end of which ter 
minates in radial flow passages 143. Passages 143 com 
municate with annular control port 123. 
When threaded engagement 109 is tightened, as illus 

trated in FIG. 7, the adapter assumes a steady full chan~ 
nel ?ow mode. Specifically, the full channel flow mode 
is sustained by virtue of the fact that the outlet region 
of sink adapter ‘100 is somewhat narrower than the out 
let region of shower head 10. Consequently, the full 
channel flow from the interaction region tends to also 
fill the outlet region. In so doing it blocks feedback 
opening 137 and prevents ambient air from entering 
the feedback passage and switching the oscillator to its 
partial channel ?ow mode. Closure of channels 111 
prevent ambient air from entering the outlet region and 
thereby permits the out?ow to fully diffuse in the outlet 
region. 

If threaded engagement 109 is loosened, as illus-‘ 
trated in FIG. 8, ambient air is aspiratedthrough chan 
nels 111 and into the outlet region. The air tends to mix 
with the liquid in the outlet region, forming air bubbles, 
some of which migrate through the outlet region to the 
low pressure region along guide wall 135. A significant 
volume of these air bubbles is drawn into the feedback 
passage through openings 137 to control port 123. Full 
channel flow cannot be sustained in the presence of the 
air entering the feedback passage; the jet is thus re 
stored to the partial channel mode, ?owing substan 
tially unconstrained adjacent straight wall 127, as in 
shower head 10. The narrow annular spray pattern re 
sulting from the partial channel flow permits air from 
channel 111 to be vented via the region between the 

I issued jet and the outer wall of the outlet region. The 
feedback openings 137 are thus sealed to ambient air 
and supply only liquid to the feedback path. As de 
scribed above, this causes power jet diffusion and ex 
pansion at control nozzle 123 and restores full channel 
flow. The low velocity full channel flow in the outlet re 
gion once again permits air bubbles from channels 111 
to be aspirated and enter the feedback passage, thereby 
continuing the oscillation. ' 
An important feature of the sink adapter is that in the 

steady full channel flow mode (,i.e. - with channels 
111 closed as in FIG. 7) the low velocity output flow 
is “soft," so as to produce minimal splash on impact, 
and is not aerated. The lack of aeration results from the 
fact that no ambient air enters the adapter in this mode 
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and therefore no air is aspirated by the low velocity jet. 
The lack of aeration is ideal for drinking water which, 
byvvirtue of the adapter, can be made devoid of the 
cloudy effect normally caused by air bubbles. 
The versatility of adapter 100 is evident. On the one 

hand it permits soft out?ow suitable, inter alia, for pro 
viding clear drinking water. On the other hand it pro 
vides a sweeping dynamic spray pattern of alternating 
velocity which is ideal for loosening dirt from dishes, 
silverware, etc. 
FIG. 9 illustrates a modi?ed sink adapter 100a. In 

adapters 100 and 100a like components are provided 
with like reference numerals. The features which dis 
tinguish adapter 100a from adapter 100 are as follows: 

1. The overall length of adapter 100a is shorter than 
adapter 100. The length reduction is re?ected through 
out the entire unit but primarily in the outlet region. 

2. The outlet region is signi?cantly narrower. In fact 
the outlet region of adapter 100a converges slightly in 
a downstream direction by virtue of the fact that guide 
wall 135 diverges slightly (about 5°) and the outer wall 
divergence is reduced to less than that of guide wall 
135. This shorter, narrower outlet region is more effi 
cient‘ in producing the unaerated full channel out?ow 
mode than the wider outlet region of adapter 100. This 
is because the full channel out?ow is compacted by the 
narrower outlet region of adapter 100a and provides 
both a more positive seal against entry of ambient air 
into the feedback passage and a better assurance 
against aspiration of air into the flow through the outlet 
region. 7 

3. Channels Ill communicate directly with the up 
stream end of the interaction region via openings 145. 
This aids to insure an oscillatory mode when threaded 
engagement 109 is opened. This assurance is required 
since the shortening and narrowing of the outlet region 
tends to favor sustaining full channel ?ow and makes 
it more dif?cult for air bubbles to cross the outlet re 
gion to the feedback path. Ambient air in?ow through 
openings 145 assure that sufficient ambient air can be 
supplied to permit oscillation. 

4. Straight wall 127 is recessed outward in the inter 
action region relative to the power nozzle 121. This 
also helps to assure oscillation by providing greater am 
bient air access to the interaction region and thereby 
assuring that the partial channel flow state can be 

- achieved. 

It will be apparent that a variety of modi?cations, 
employing the basic ?uidic oscillator approach, are ca 
pable of providing a sink spray adapter of the type de-' 
scribed. One other such modi?cation is illustrated in 
FIG. 10 wherein like reference numerals are employed 
to designate elements having counterparts in FIG. 7. 
The major difference in the adapterof FIG. 10 resides 
in the fact that channels 111 have been omitted and 
ambient air entry into the interaction region is permit 
ted only via the outlet end of the adapter. Inner housing 
101’ differs from inner housing 101 in FIG. 7 primarily 
by virtue of the fact that it is in slidable rather than 
threaded engagement with outer housing 104'. An 0 
ring . 142 is inserted in an annular groove provided 
about the outer periphery of inner housing 101’, proxi 
mate its downstream end. The inner diameter of outer 
housing 104’ is made equal to or slightly less than the 
outside diameter of O-ring 142 so that the O-ring pro 
vides a ?uid-tight annular seal between the two hous 
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12 
ings as outer housing 104’ is slid axially along inner 
housing 101’. 
A ridge or projection 148 extends radially inward 

from the downstream end of outer housing 104’. The 
upstream shoulder of ridge 148 abuts the downstream 
edge of inner housing 101’ when outer housing 104’ is 
in its fully retracted (i.e. — upstream) position. In inner 
diameter of ridge 148 is less than the inner diameter of 
the downstream edge of inner housing 101’. When 
outer housing 104' is fully protracted (i.e. -— full down 
stream), ridge 148 extends downstream beyond the 
downstream end of nozzle member 103. 
A guide pin 146 is secured in outer housing 104' and 

extends radially inward into a longitudinally-extending 
groove 144 de?ned in the outer periphery of inner 
housing 101’. Guide pin 146 and groove 144 cooperate 
to limit the extent to which outer housing 104' can be 
protracted, thereby preventing outer housing 104’ 
from being pulled off and away from the adapter. 
An interesting characteristic of the adapter of FIG. 

10 is that it is mode switchable in response to both the 
position of outer housing 104’ and the supply pressure. 
Speci?cally, when the outer housing is fully retracted 
(as illustrated by solid lines in FIG. 10) the operating 
mode depends upon the liquid supply pressure. At low 
pressure the element assumes a steady full channel ?ow 
mode wherein the out?ow is a continuous “soft” and 
unaerated stream. At higher supply pressures the out 
?ow oscillates between the two positions indicated by 
the dashed ?ow lines in FIG. 10. As indicated, the de 
gree of divergence by the spray in its relatively wide 
con?guration is limited by ridge 148 which effectively 
narrows the outlet opening. This outlet-narrowing ef 
fect is important also in the low supply pressure, full 
channel mode wherein ridge 148 limits the entry of am 
bient air into the interaction region. 
When housing 104’ is fully protracted, as illustrated 

by dotted lines, the element provides steady full chan— 
nel flow in response to substantially all practical liquid 
supply pressures. The protraction of outer housing 104’ 
displaces the only possible ambient air ingress further 
downstream of the interaction region and the feedback 
openings, thereby substantially increasing the effective 
impedance to ambient air in?ow. As described above, 
ambient air is required in the interaction region to ef 
fect the partial channel ?ow mode. If little or no ambi 
ent air enters the interaction, as is the case when the 
outer housing is fully protracted, full channel ?ow is 
maintained and no oscillation occurs. 
Another utilization of the ?uidic oscillation of the 

present invention is illustrated in the form of a decora 
tive fountain spray apparatus 150 in FIGS. 11 and 12; 
Apparatus 150 is provided with a threaded ?tting at its 
upstream end to which a hose or other liquid conduit 
may be connected. The oscillator is basically the same 
as that employed in shower head 10. Speci?cally, an 
annular power nozzle 151 delivers a power jet into an 
nular ?ow passage 153 at the upstream end of the inter 
action region. Downstream of passage 153 the interac 
tion region is bounded by straight sidewall 157 and 
curved sidewall 155’. Flow is delivered through outlet 
opening 159 and along flow guide wall 161 during the 
partial channel ?ow mode of the oscillator; during full 
channel ?ow the out?ow is directed alongthe ?ared 
outer wall 165 of the outlet region. The ?are of the 
outer wall may be selected (as indicated by dotted line 
165a) to provide a variety of desired flow patterns. 
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A hollow cylindrical extension member 167, sealed 

at its downstream end, is secured to the downstream 
end of apparatus 150. The outer wall 169 of the exten 
sion member provides a longitudinal extension of ?ow 
guidewall 161. The interior bore in the hollow exten 
sion member communicates via feedback passage 171 
with annular control port 152 at the upstream end of 
the interaction region. An annular flow divider 173 is 
secured about extension member 167 proximate the 
downstream end thereof. Flow divider 173 includes a 
plurality of flow openings 175 equally spaced about its 
inner periphery adjacent extension wall 169. Slightly 
upstream of flow divider 173 there are de?ned a plural~ 
ity of feedback openings 170 extending radially 
through the wall 169 of the extension member and 
communicating with the central bore. These openings 
may likewise be located downstream of the flow di~ 
vider. 

In operation, the apparatus of FIG. 11 is oriented 
with its longitudinal axis vertically disposed and its 
downstream end elevated. During the partial channel 
flow condition an annular jet is directed upward, sur 
rounding extension member 167. Upon‘reaching ?ow 
divider 173 a portion of the jet passes through ?ow 
openings 175 and continues upward; the remainder of 
the jet is de?ected to the side by the solid portion of the 
flow divider. In addition, a portion of the jet liquid en 
ters feedback openings 170 and is conducted through 
the feedback path 171 to control port 152. This feed 
back liquid reduces the interaction region pressure and 
causes the oscillator to assume its full channel flow 
condition. 

Full channel flow is directed out and away from the 
apparatus by outer wall‘ 165 of the outlet region. Since 
no liquid from this spray enters feedback openings 170, 
ambient air soon ?lls the feedback path and restored 
the partial channel ?ow condition. Oscillation contin 
ues in this manner. providing a dynamic decorative 
spray apparatus having no moving parts. 
A diagrammatic illustration of typical operation for 

spray apparatus 150 is provided in FIGS. 13, 14 and 15. 
In FIG. 13 spray apparatus 150 is secured to a ?oat 181 
located on the surface of a pool 183. Liquid supply is 
provided‘ by pump 187 through hose 185. The decora 
tive spray pattern illustrated in FIG. 14 is provided in 
response to the full channel ?ow mode of the oscillator; 
the pattern in FIG. 15 is provided during the partial 
channel flow mode. The combined spray pattern effect 
is illustrated in FIG. 13. I ' ‘ 

In an alternative construction, extension member 
167 may be open at its downstream end. This permits 

. a portion of the upwardly-directed jet liquid in the par 
tial path to effect oscillation. This construction may or 
may not utilize feedback openings 170. 
The oscillator embodiments described above are in 

tended primarily to operate with a liquid working in an 
‘ ambient air environment. It should be noted, however, 

that the oscillator is capable of operation beneath the 
surface of a liquid body if air lines are provided which 
‘permit the oscillator. to assume its partial channel flow 
state. For example, one or more tubes can be con 
nected to holes 145 in FIG. 9 to conduct ambient air 
thereto from above the surface of the liquid. Operation 
of such an oscillator below the surface of a liquid body 
has a number of practical applications. For example, 
the oscillator pulsatively agitates the body of liquid. 
This agitation is capable of effecting a cleaning action 
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14 
for objects and articles immersed in the liquid. More 
over, air bubbles are introduced into the liquid during 
the partial channel ?ow condition; these bubbles not 
only aerate the liquid body but induce a microflotation 
effect wherein the bubbles themselves attract dirt parti 
cles and carry them to the surface where they can be 
drained or otherwise removed. 'Another underwater 
function to be served by the oscillator is whirlpool 
bathing which is most easily effected by the agitation 
described above. ' i 

It will also be appreciated that the oscillator disclosed 
herein is uniquely advantageous for functions other 
than those expressly disclosed. Among these‘ functions 
are lawn sprinklers, water picks, etc. 
An important characteristic of the oscillator of the 

present invention is its ability to provide jet velocity 
augmentation. This phenomenon is known in the prior 
art and is created when the onset of a slug or jet of rela 
tively dense fluid (such as water) ‘approaches a con 
striction in a ?ow passage which had been previously 
occupied by a ?uid of lesser density, such as air. The 
initial portion of the dense ?uid slug or jet is acceler 
ated at the constriction relative to the remainder of the 
slug or jet. Upon leaving the constriction the acceler 
ated portion of the slug or jet effectively “runs away” 
from the remainder of the slug or jet and impinges with 
greater force against a blocking surface than does the 
remainder of the slug or jet. In the oscillator of the 
present invention this velocity augmentation effect oc 
curs at the outlet opening when the leading edge of a 
full channel ?ow approaches the constricted outlet 
opening. For example, in FIG. 1 this velocity agumen 
tation occurs at outlet opening 76 which constricts the 
full channel flow received from ‘the widened portion of 
the interaction region. This augmentation occurs once 
during each oscillation cycle as the oscillator changes 
from partial to full channel flow operation. It is possible 
to» obtain velocity augmentation of a'factor of four or 
more. This velocity augmentation is particularly advan~ 
tageous in the shower head where the high velocity pul' 
sations are effective in cleaning the body and, as de~ 
scribed herein, are effective in destroying and remov 
ing bacteria. Likewise, the velocity augmented im 
pulses are also effective in the sink adapter toloosen 
dirt from dishes, silverwave, glassware, and other ob 
jects. ‘ 

While jet velocity augmentation has been previously 
achieved, it has not been previously achieved in a flu 
idic oscillator by virtue of oscillation between full and 
partial channel ?ow‘conditions. The important struc 
tural feature of my oscillator which permits velocity 
augmentation is the single interaction region channel 
which constricts at its outlet end. 
While .I have described and illustrated speci?c em 

bodiments of my invention, it will be clear that varia 
, tions of the details of construction which are speci? 
cally illustrated and described may be resorted to with 
out departing from the true spirit: and scope of the in 
vention as defined in the appended claims. 

I claim: 
1. A ?uidic oscillator comprising: 
an interaction region having upstream and down 
stream ends, a substantially straight sidewall termi 
nating abruptly proximate said downstream end,‘ 
and a curved sidewall whiclh diverges gradually 
from said straight sidewall in a downstream direc 
tion and curves sharply back toward said straight 
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sidewall at said downstream end, said curved side 
wall terminating slightly downstream of said 
straight sidewall, the terminations of said sidewalls 
de?ning an outlet opening at the downstream end 
of said interaction region; 
power nozzle located at the upstream end of said 
interaction region and arranged to issue a jet of 
pressurized liquid into said interaction region, said 
jet being directed by said power nozzle generally 
adjacent said straight sidewall such that said jet is 
sues unde?ected through said outlet opening when 
ambient air is present in sufficient quantity in said 
interaction region to limit jet flow therethrough to 
a partial channel ?ow mode, said jet being de 
?ected by said sidewalls to issue from said outlet 

' opening at an angle into the plane of said straight 
sidewall when ambient air is suf?ciently absent 
from said interaction region to cause said jet to as 

’ sume a full channel ?ow mode therein; and 
a feedback passage having an ingress opening and ar 
ranged to conduct ambient air to said interaction 
region when said ingress opening is unblocked, said 
ingress opening being positioned downstream of 
said outlet opening so as to be blocked to ambient 
air inflow when said liquid jet issues unde?ected 
from said outlet opening and open to ambient air 
in?ow when said liquid jet issues de?ected from 
said outlet opening. 7 

2. The oscillator according to claim 1 formed as an 
axi-symetrical element wherein said power nozzle, said 
interaction region and said outlet opening have annular 
transverse cross-sections which are concentric about 
said feedback passage, said interaction region having a 
longitudinal cross-section with a semi-teardrop con?g 
uration. 

3. The element according to claim 1 further compris 
ing a ?ow guide wall extending downstream from the 
termination of said curved sidewall and positioned to 
guide said liquid jet when issuing from said outlet open 
ing unde?ected, and wherein said ingress opening for 
said feedback passage comprises an opening de?ned in 
said guide wall. 

4. The oscillator according to claim 3 wherein said 
feedback passage terminates in a control port opening 
through said curved sidewall into the upstream end of 
said interaction region. ' 

5. The oscillator according to claim 4 constructed as 
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an axisymmetrical element about said feedback pas- . 
sage, wherein said power nozzle, said interaction region 
and said outlet opening have annular transverse cross 
sections which surround said feedback passage, and 
wherein said curved sidewall comprises the radially in 
nermost wall of said interaction region. 

6. The oscillator according to claim 5 further com 
prising an annular outlet region extending downstream 
of said outlet opening and having as its inner boundary 
wall said ?ow guide wall. ' 

7. The oscillator according to claim 6 further com 
prising an outer wall for said annular outlet region ar 
ranged to guide said liquid jet when it issues deflected 
from said outlet opening. 

8. The oscillator according to claim 7 wherein said 
outer and inner walls of said outlet region diverge from 
one another in a downstream direction. 

9._ The oscillator according to claim 7 wherein said 
outer and inner walls of said outlet region converge 
toward one another in a downstream direction. 
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10. The oscillator according to claim 7 wherein said 

interaction region has _a suf?ciently large volume to 
delay the de?ected jet issued from said outlet opening 
relative to the unde?ected jet issued from said outlet 
opening. 

11. The oscillator according to claim 7 further com 
prising: 

a hollow housing having a ?rst interior wall section 
of straight cylindrical con?guration de?ning one 
side of said annular power nozzle and said straight 
sidewall of said interaction region. said housing 
having a second interior wall section downstream 
of said ?rst interior wall section and defining said 
outer wall of said outlet region; and 

member means disposed symmetrically within said 
vhollow housing and spaced radially inward from 
said ?rst and second interior wall sections of said 
hollow housing, said member means including: a 
?rst peripheral wall section of generally cylindrical 
con?guration de?ning a second side of said annular 
power nozzle; a second peripheral wall section 
downstream of said ?rst peripheral wall section and 
which at its upstream end is generally parallel to 
the ?rst interior wall section of said hollow housing 
and then diverges and curves in a downstream di 
rection to define said curved sidewall of said inter 
action region; and a third peripheral wall section 
de?ning said ?ow guide wall. 

12. The oscillator according to claim 7 wherein the 
longitudinal position of the outer wall of said outlet re 
gion is movable relative to said ?ow guide wall. 

13. The oscillator according to claim 12 wherein the 
outer wall of said outlet region comprises a generally 
cylindrical member surrounding the downstream por 
tion of said oscillator and is longitudinally movable rel 
ative to said straight sidewall of said interaction region. 

14. The oscillator according to claim 13 wherein said 
outer wall, in its fully retracted extreme upstream posi 
tion, projects slightly downstream of said outlet open 
ing and terminates upstream of said feedback openings 
in said ?ow guide wall; and wherein said outer wall, in 
its fully protracted extreme downstream position, 
projects beyond the downstream termination of said 
?ow guide wall. 

15. The oscillator according to claim 14 wherein said 
outer wall and said ?ow guide wall de?ne a suf?ciently 
narrow outlet region when said outer wall is fully pro 
tracted to limit ambient air inflow to less than that re 
quired to permit partial channel ?ow through said in 
teraction region over a relatively wide range of liquid 
supply pressures. 

16. The oscillator according to claim 14 wherein said 
outer wall, in its fully retracted position, de?nes a rela 
tively narrow outlet opening with said ?ow guide wall 
such that for low liquid-supply pressures the liquid out 
?ow during said full channel ?ow mode blocks all entry 
into said feedback openings and said interaction region 
and maintains said fully channel ?ow mode to prevent 
oscillation; and such that for higher pressures said liq 
uid out?ow during said full channel ?ow mode is suf? 
ciently turbulent to permit ambient air to enter said 
feedback openings and maintain oscillation between 
said full and partial channel ?ow modes. , 

17. The oscillator according to claim 13 further com 
prising a ?uid passage defined between said outer wall 
and the downstream portion of said oscillator, said fluid 
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passage being arranged to conduct ambient air in?ow 
to said interaction region when said outer wall is fully 
protracted and to be blocked to ambient air in?ow 
when said outer wall is fully retracted. V 

18. The oscillator according to claim 7 further com 
prising adjustable ?ow restriction means located in said 
feedback‘passage to permit controlled adjustment of 
the duty cycle of'said oscillator. _ 

19. The oscillator according to claim 18 wherein said 
adjustable ?ow restriction means has an extreme posi 
tion in which said feedback passage is blocked to fluid 
?ow, thereby limiting operation of said oscillator to its 
full channel ?ow mode. 

20. The oscillator according to claim 18 wherein said 
adjustable ?ow restriction means comprises a needle 
valve projecting into said feedback passage from the 
downstream end of said oscillator and having an adjust 
ment control located at the downstream end of said os 
cillator. ‘ 

21. The oscillator according to claim 7 operable as a 
shower head and further comprising mounting means 
for securing said oscillator to a liquid supply in a 
shower plumbing ‘installation. 

22. The oscillator according to claim 7 operable as a 
sink faucet adapter and comprising means for securing 
said oscillator to a sink faucet. 

23. The oscillator according to claim 7 arranged to 
provide decorative fountain spray patterns, wherein 
said ?ow guide wall extends a relatively long distance 
downstream of the outer wall of said outlet region. 

24. The oscillator according to claim 23 further com 
prising an annular divider disposed about said guide 
wall proximate the downstream end of said guide wall, 
said ?ow divider including at least one longitudinally 
extending opening positioned to conduct a portion of 
the liquid ?owing along said guide wall through said 
?ow divider, said ?ow divider being contoured to out 
wardly de?ect that portion of the liquid which does not 
pass through said opening. 

25. A ?uidic oscillator comprising: 
an interaction ‘region of annular transverse cross 

section having upstream and downstream ends, a 
substantially straight outer cylindrical sidewall ter 
minating abruptly proximate said downstream end, 
and a curved inner sidewall which diverges gradu 
ally from said straight sidewall in a downstream di 
rection and curves sharply back toward said 
straight sidewall at said downstream end, said 
curved sidewall terminating slightly downstream of 
said straight sidewall. the terminations of said side 
walls de?ning a single annular outlet opening at the 
downstream end of said interaction region; 

an annular power nozzle located at the upstream end 
of said interaction region and arranged to issue an 
annular ?ow of pressurized liquid into said interac 
tion region, said annular flow being directed by 
said power nozzle generally along said straight side 
wall such that said annular ?ow issues unde?ected 
through said outlet opening when ambient air is 
present in sufficient quantity in said interaction re 
gion to limit ?ow therethrough to a partial channel 
?ow mode, said annular ?ow being de?ected by 
said sidewalls to issue from said outlet opening at 
an angle into the‘cylindrical plane of said straight 
sidewall when ambient air is absent from said inter 
action region to cause said annular ?ow to assume 
a full channel ?ow mode therein; and 
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a feedback passage having an ingress opening and ar 
ranged to conduct; ambient air to said interaction 
region when said ingress opening is unblocked, said 
ingress opening being positioned downstream of 
said outlet opening so as to be blocked to ambient 
air in?ow when said annular ?ow of liquid issues 
unde?ected from said outlet. opening and open to 
ambient air in?ow when said annular flow of liquid 
issues de?ected from said outlet opening. 

26. The ?uidic oscillator according to claim 25 fur 
ther comprising adjustable means‘for selectively limit 
ing ambient air in?ow to said interaction region to a 
sufficient extent as to prevent establishing of partial 
channel ?ow through said interaction region. 

27. The ?uidic oscillator according to claim 26 
wherein said adjustable means‘comprises a valve dis 
posed in said feedbacklpassage. 

28. The oscillator according to claim 26 wherein said 
adjustable means comprises an outer wall for said oscil» 
lator, said outer wall being adjustably positioned longi» 
tudinally relative to said oscillator such that in its fully 
extended position it projects beyond the downstream 
end of said oscillator and in its fully retracted position 
it terminates upstream of the downstream end of said 
oscillator. 

29. The oscillator according to claim 25 further com 
prising a generally cylindrical ?ow guide wall extending 
downstream from the termination of said curved side— 
wall and positioned to guide said annular ?ow of liquid 
when it issues from said outlet opening unde?ected. 
30. The ?uidic oscillator according to claim 29 fur 

ther comprising adjustable means for selectively limit 
ing ambient air in?ow to said interaction region to. a 
sufficient extent as to prevent establishing of partial 
channel ?ow through said interaction region. 

31. The oscillator according to claim 30 wherein said 
adjustable means comprises an outer wall for said oscil 
lator, said outer wall being adjustably positioned longi 
tudinally relative to said guide wall such that in its fully 
extended position it projects beyond the downstream 
end of said guide wall and in its fullyretracted position 
it terminates upstream of the downstream end of said 
guide wall. 

32. A liquid spray apparatus employing a ?uidic os 
cillator of the type which oscillates between a partial 
channel flow mode, in which liquid is issued from the 
oscillator as a high velocity compact annular jet, and a _ 
full channel ?ow mode, in which liquid is issued from 
said oscillator in a relatively low velocity, unaerated an 
nular spray pattern, said oscillator further comprising 
adjustment means for selectively inhibiting oscillation 
and said partial channel ?ow modle by establishing and 
steadily maintaining said full channel ?ow mode. 
33. The apparatus according to claim 32 wherein said 

adjustment means includes a ?ow passage for introduc 
ing ambient air into said channel and which is control~ 
lably closable to initiate said full channel ?ow mode. 
34. A ?uidic oscillator comprising: 
an interaction region in the form of a ?ow channel 
having an inlet end, an outlet end and an outlet 
opening defined through said outlet end, said outlet 
opening being substantially narrower than said out 
let end; I i 

a power nozzle arranged to issue pressurized liquid 
into said inlet end of said interaction region, said 
power nozzle being positioned such that, upon issu 
ance of said pressurized liquid into said interaction 



a feedback passage arranged to conduct ambient air 
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region in the presence of ambient air, a partial 
channel ?ow state is established wherein a compact 
liquid jet is formed and issues through said outlet 
opening, and such that, upon issuance of said pres 
surized liquid into said interaction region in the ab- 5 
sence of ambient air, a full channel flow state is es 
tablished wherein said pressurized liquid diffuses 
and ?lls said interaction region before issuing from 
outlet opening; and 

10 
into said interaction region in response to out?ow 

- from said outlet opening in said full channel ?ow 
state and to inhibit entry of ambient air to said in 
teraction region in response to outflow from said 
interaction region in said partial channel flow state. 15 
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35. The fluidic oscillator according to claim 34 fur 
ther comprising a flow guide wall arranged to guide 
out?ow from said outlet opening in said partial channel 
flow state, said guide wall having an ingress opening to 
said feedback passage de?ned therethrough at a loca 
tion which is blocked to ambient air by said outflow in 
said partial channel flow state. 

36. The oscillator according to claim 35 wherein the 
downstream end of said interaction region is con?g~ 
ured as a smooth narrowing transition from the widest 
part of said interaction region to said outlet opening, 
and wherein velocity augmentation of said out?ow oc 
curs at the onset of each full channel flow state 
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