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ABSTRACT OF THE DISCLOSURE 

A fluidic oscillator that includes a single turbulence type 
fluid amplifier, to the collector of which is connected a 
plenum chamber and to the side of the interaction cham 
ber of which is connected a fluid outlet line whereby the 
alternate automatic filling and emptying of the plenum 
chamber produces corresponding periodic fluid pressure 
changes in the said outlet line. 

-in 

This invention relates to a novel pure fluid oscillator 
System. More particularly the invention relates to a novel 
fluid oscillator system wherein a single turbulence type 
pure fluid amplifier is used to afford a varying fluid pres 
Sue Source. 

Fluid oscillators have been made using wall attachment 
type fluid amplifiers equipped with a feed back coupling 
from the amplifier output line to a control line thereof. 
While this type of arrangement may be practical for cer 
tain relatively high frequency applications it has not been 
found satisfactory in many cases where relative low fluid 
oscillator frequencies are desired, i.e. frequencies less than 
say 150 cycles per second. 
The primary object of the instant invention is to pro 

vide a simple, practical, low cost pure fluid oscillator 
system which may be arranged to afford most any desired 
operational frequency of less than 150 cycles per second. 

Another object of the invention is to provide a relatively 
low frequency fluid oscillator system wherein a turbulence 
amplifier is arranged to automatically control alternate 
fluid flows through two separate flow lines. 
Another object of the invention is to provide an im 

proved fluid oscillator system having a control means for 
interrupting the fluid output pulse sequence as desired. 

Other objects of the invention will become apparent 
as the disclosure progresses. 

In the drawings: 
FIG. 1 is a plan view and shows the configuration for 

the turbulence amplifier used in the instant fluid oscilla 
tor system. 

FIG. 2 is a plan view in partial section of the instant 
oscillator system and particularly illustrates the cover 
plate construction of the instant device. 
FIG. 3 is a lower end view of the apparatus shown in 

FG, 2. 
FIG. 4 is a cross sectional view taken along section 

line 4-4 of FIG. 2. 
FIG. 5 is a diagrammatic sketch (enlarged four times 

from FIG. 1) illustrating the size and location of the 
vent holes in relation to the interaction chamber of the 
instant turbulent amplifier. 
FIG. 6 is a diagrammatic sketch illustrating the fluid 

pressure output pulses generated by the present fluid oscil 
lator system. 
The instant fluid oscillator system comprises in essence 

a turbulent amplifier which is provided with a supple 
mental output line and which is coupled to a means for 
cyclically increasing to a predetermined level the loading 
on the collector of the amplifier. 

Referring to FIGS. 1-4 a laminated construction is 
illustrated for the turbulence amplifier unit 10. Unit 10 
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comprises a lower grooved plate 11 and an upper cover 
plate 12 which is sealingly secured by any suitable means 
to said lower plate so as to thereby establish the flow 
passage network to be described below. The configurations 
of the fluid flow passages are largely determined by the 
nature of the grooves, chambers, etc. that are formed 
in the upper face of said lower plate 11 and particular 
reference to FIGS. 1 and 5 will be made in connection 
with a detailed description of the shape and extent of 
Such grooves and chambers. The instant turbulence am 
plifier includes an emitter which is essentially defined by 
an elongated straight groove 13 which has an upstream 
end that communicates with a supply chamber 14 and 
a downstream end that communicates with an interaction 
chamber 15. Chamber 15 is substantially symmetrically 
arranged with respect to the longitudinal axis 16 of the 
emitter groove 13 and includes two longitudinal side 
walls 17 and 18. The downstream end of interaction 
chamber 15 is formed with two concave end walls 20 
and 21 which terminate at projections 22 and 23 that 
extend slightly upstream in the chamber 15, as illustrated 
in FIG. 1, and define a collector orifice or opening 24 
for the instant turbulence amplifier. The collector of 
the instant unit 10 is essentially defined by an elongated 
straight groove 25 which is coaxially disposed with re 
spect to the emitter groove 13. The upstream end of the 
collector groove 25 communicates with said interaction 
chamber while the downstream end thereof communicates 
with an output chamber 26. 
A laterally extending supplementary output line or 

groove 30 is also formed in the upper face of plate 11, 
one end thereof communicating with a downstream por 
tion of the interaction chamber 15 through side wall 17, 
while the other end thereof communicates with an out 
let chamber 31. The axis of groove 30 is disposed sub 
stantially normal to the axis 16 of the emitter groove 13. 
A laterally extending control line or groove 32 is formed 
in plate 11, one end theerof communicating with an 
upstream portion of the interaction chamber through 
the opposite side wall 18 of the chamber 15, while the 
other end thereof communicates with a signal chamber 
33. The axis of groove 32 is also disposed substantially 
normal to the axis 16 of the emitter groove 13. 
The lower plate, which is grooved as above described, 

is sealingly covered by the plate 12 as illustrated in FIGS. 
2-4. The cover plate 12 is formed with a plurality of suit 
able holes or bores which are respectively adapted to 
receive a plurality of tubular fittings 40-45, the latter 
being respectively secured in said bores by any suitable 
means such as soldering, brazing, etc. as is illustrated at 
46 of FIG. 4. The tubular fittings 40, 41, 42, 43, 44, 45 are 
located in the cover plate at the positions shown in FIG. 
2 and respectively communicate with the various grooves 
and chambers in the amplifier at points denoted by the 
dotted line circles 40a, 41a, 42a, 43a, 44a, 45a, respec 
tively, of FIG. 1. The tubular fitting 40 is adapted to be 
pneumatically coupled to a fluid pressure source and fit 
tings 43 and 44, which are provided for venting purposes, 
operatively communicate with the respective side portions 
of the downstream end of the interaction chamber 15. 
Only the lower portions 47, FIG. 5, of the symmetrically 
arranged vent holes formed in the cover 12, as represented 
by the said dotted line circles 44a and 43a of FIG. 1 over 
lap the interaction chamber 15, these overlapping portions 
collectively representing the effective exhaust or venting 
area for the instant amplifier. These vent holes afford 
exhaust conduit means having a predetermined fluid flow 
impedance. The fitting 41 may be connected to a means 
for generating a fluid input signal that is capable of con 
trolling the operation of the instant turbulence amplifier, 
while fitting 42 is connected so as to supply oscillating 
fluid pressure to a downstream device. The fitting 45 
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is connected to a closed container 50, FIG. 3, having 
therein a plenum chamber 51 of predetermined volume, 
the chamber 51 acting as a predetermined impedance or 
load with respect to the collector of the instant turbulence 
amplifier. 
The configuration of the groove and chamber arrange 

ment formed in plate 11 is shown to actual scale in FIG. 
1; the width W of groove 13 having a value of .015 inch. 
The actual diameter of holes 43a (see FIG. 5) and 44a is 
.062 inch. All the above described grooves and chambers 
have substantially rectangular cross sectional shapes, the 
depth of grooves 13, 24, 30, 32 and chamber 15 being 
approximately .015 inch and the width of the grooves 30 
and 32 being .008 inch. It will be understood that various 
other ranges and combinations of dimensions may be 
used here. 
The operation of the instant device will now be de 

scribed. Fluid, e.g. air, from a suitable pressure Source 
flows through fitting 40, chamber 14, emitter groove 13 
and into the interaction chamber 15. The elongated nature 
of the emitter 13 causes a laminar type air jet to issue 
from the downstream end 19 of the emitter and to flow 
down the length of interaction chamber 15 and into the 
upstream end 24 of the collector groove 25. This essen 
tially laminar fluid flow will cause the pressure in the 
collector groove 25 and the plenum chamber 51 to in 
crease until a predetermined pressure loading at the 
collector exists at which time the laminar flow in the fluid 
jet received by the collector groove 25 becomes turbulent 
with much of the fluid then exhausting through the vent 
ing fittings 43, 44. Under these turbulent flow conditions 
the fluid impact pressure at the collector opening 24 
begins to decrease and the fluid then under higher pres 
sure in the plenum chamber 51 commences to flow back 
into chamber 15 through the collector groove 25. At this 
time then fluid is being directed into chamber 15 from 
both the emitter and collector ends thereof and a rapid 
increase in the pressure in the chamber 15 and output 
groove 30 occurs in that the amplifier venting means is 
momentarily unable to conduct away the relatively large 
amount of fluid then being pumped into said chamber 
15. The sudden pressure increase in output line 30 initiates 
a fluid pressure output pulse or flow through the fitting 
42. This output pulse is of short duration because the 
said reverse flow of fluid from the plenum chamber 51 
to the interaction chamber 15 soon effectively empties 
chamber 51 whereupon only the normal amount of fluid 
then enters chamber 15 by way of the emitter groove 13. 
This causes the output pulse or flow in fitting 42 to termi 
nate thus restoring in chamber 15 those pressure con 
ditions which will permit the reestablishment of a laminar 
flow in the emitter jet. This in turn causes the pressure in 
collector groove 25 and chamber 51 to again rise until it 
again reaches said predetermined pressure level where 
upon another automatic pressure switching cycle com 
mences. The above explanation of why the instant oscilla 
tor system produces the automatic cyclic pressure switch 
ing action is somewhat conjectural. 
The automatic cyclic switching of the amplifier opera 

tion back and forth between a laminar flow state, wherein 
fluid flows into the collector groove 25, and a turbulent 
flow state, wherein fluid flows out through outlet fitting 
42 constitutes a reliable low speed fluid oscillator sys 
tem. It has been found that such a system has reason 
ably precise timing characteristics for any given set of 
structural conditions and fluid supply pressure conditions. 
FIG. 6 illustrates the rather uniform period of time t be 
tween the successive pressure 'spikes' 52 as measured 
at the outlet fitting 42. The following table of operation 
for the instant type of oscillator system was derived using 
a FIG. 1 type turbulent amplifier having various sized 
chambers 51, the emitter groove width W being .015 
inch and the air supply pressure being approximately 
1 p.S.i. 
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Volume of chamber 5, Period (t), Frequency, cycles 
cubic inches milliseconds per second 

29 2,500 ... 4 
3. 650 1.53 
6 40 7.4 

375 15 66.7 

The operational flucturations from the above noted time 
and frequency values did not vary more than approxi 
mately 3%. The maximum frequency obtained here was 
approximately 125 cycles per second. 

If it is desired to interrupt the operation of the instant 
oscillator system a fluid pressure signal may be intro 
duced into the signal fitting 41 whereupon the automatic 
alternate mode switching of the turbulence amplifier 
ceases and the amplifier remains in the said turbulent 
operational mode for as long as said signal remains 
applied. 
The instant type of relatively low frequency fluid 

oscillator system has been tested and found to be relatively 
accurate in producing a predetermined sequence of timed 
fluid pulses. 
What is claimed is: 
1. A fluid oscillator system comprising: 
an emitter adapted to issue a laminar jet of fluid; 
a collector operatively positioned with respect to said 

emitter so as to be capable of receiving fluid flow 
from said emitter; 

means defining an interaction chamber between said 
emitter and collector; 

means for venting said interaction chamber; 
means defining a fluid plenum chamber, said plenum 
chamber communicating with said collector; 

means defining an output line that communicates with 
said interaction chamber; 

said laminar jet of fluid from said emitter initially 
causing said plenum chamber to be filled so that the 
resultant operative loading at the amplifier collector 
causes said laminar jet of fluid to become turbulent, 
a reverse fluid flow then occurring from said plenum 
chamber to said interaction chamber which reverse 
flow causes a temporary pressure rise in said output 
line whereafter a laminar fluid flow is automatically 
reestablished in said interaction chamber and said 
plenum chamber is again filled, the successive pres 
sure increases in said output line being in substan 
tially uniform timed sequence; and 

fluid conduit means defining a control line which com 
municates with said interaction chamber so that when 
a control signal is applied through said control line 
said successive pressure increases in said output line 
are interrupted. 

2. A fluid oscillator system comprising: 
a main body; 
said main body having an elongated supply line formed 

therein, said supply line being adapted to be coupled 
to a source of fluid pressure and to issue a laminar 
jet of fluid from the downstream end thereof; 

said main body having an interaction chamber formed 
therein, said chamber communicating with the down 
stream end of said supply line; 

said main body having a fluid receiving collector line 
formed therein, the upstream end of said collector 
line communicating with said interaction chamber 
and being arranged to receive fluid flowing from said 
supply line across said interaction chamber; 

said main body having at least one fluid venting line 
formed therein that communicates with said inter 
action chamber; 

means defining a pressure loading chamber, said loading 
chamber communicating with said collector line; 

said main body having an output line formed therein 
which communicates with said interaction chamber; 

the flow of fluid from said supply line automatically 
alternating between laminar flow that is directed into 
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said collector line and turbulent flow at least part of 
which flows into said output line, the resultant inter 
mittent fluid flow through said output line affording 
an oscillating fluid pressure source; 

said main body having a control line formed therein 
which communicates with said interaction chamber 
and which is operable when a control signal is ap 
plied therethrough to control the fluid flow through 
said interaction chamber. 

3. Apparatus as defined by claim 2 wherein said load 
ing chamber is substantially closed except for its connec 
tion with said interaction chamber. 

4. A fluid oscillator system comprising: 
a turbulence type fluid amplifier having an interaction 

chamber, an emitter and a collector, said emitter 
normally issuing a laminar jet of fluid which is re 
ceived by said collector; 

means defining a predetermined fluid vent for said 
interaction chamber; 

means for applying a predetermined pressure loading 
to the collector of said turbulence amplifier; and 

an output line communicating with said interaction 
chamber; 

the flow of fluid through said interaction chamber auto 
matically alternating between a laminar flow that is 
directed into said collector and a turbulent flow a 
portion of which flows into said output line, the re 
sulant intermittent fluid flow through said output line 
affording an oscillating fluid pressure source. 

5. Apparatus as defined by claim 4, additionally com 
prising: 

control means for interrupting the intermittent flow of 
fluid through said output line. 

6. A fluid oscillator system that automatically switches 
between laminar and turbulent fluid flow conditions com 
prising a main body: 

said main body having an elongated supply line formed 
therein that is arranged to be coupled to a source of 
fluid pressure so as to effectively define an emitter 
that is adapted to issue a laminar jet of fluid from 
the downstream end thereof; 

said main body having an interaction chamber formed 
therein, said chamber communicating with the down 
stream end of said emitter; 

said main body having a fluid receiving line formed 
therein that effectively defines a collector, the up 
stream end of said collector communicating with 
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said interaction chamber and being arranged in sub 
stantial axial alignment with said emitter so as to 
receive fluid flowing from said emitter across said 
interaction chamber; 

said main body having at least one fluid venting line 
formed therein that communicates with said inter 
action chamber at a point adjacent the downstream 
end of said interaction chamber; means for establish 
ing a predetermined fluid flow impedance in said 
venting line; 

means defining a pressure loading chamber, said load 
ing chamber communicating with said collector; 

said main body having an output line formed therein 
which communicates with said interaction chamber; 

the said laminar jet issuing from said emitter initially 
flowing into said collector thereby filling said pres 
sure loading chamber until at a particular pressure 
level said laminar jet automatically becomes turbu 
lent and a reverse fluid flow occurs through said col 
lector whereby fluid enters said interaction chamber 
from both said emitter and said collector so that the 
said impedance in said venting line causes a portion 
of the fluid flow entering said interaction chamber 
to flow out through said output line in the form of a 
pressure pulse of relatively short duration until the 
said pressure loading chamber is substantially emptied 
whereupon said laminar jet is automatically reestab 
lished so as to start the next cycle of automatic 
switching back and forth between said laminar and 
turbulent fluid flow conditions and thus automatically 
generating successive fluid pressure pulses in said 
output line. 
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