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This invention relates to an improved device of the 
?uid ampli?er type wherein a chamber with a single open 
ing therein is provided to substantially reverse the direc 
tion of a ?uid power stream during its travel theret-hrough 
so that it exits through one of several output channels. 
More particularly, the device in its preferredforrn has 
a bistable mode of operation so as to operate in ?ip-?op 
fashion. _ ’ 

Fluid ampli?ers of the two-dimensional type ‘have been 
generally devised wherein the main energy, or power 
stream, has been acted upon while still thereafter main 
taining a generally forward (downstream) direction from 
its original inlet direction. Later developments in the 
art have provided devices wherein the power stream is 
caused to discharge from its interaction chamber at an 
angle varying up to ‘but not exceeding 90° from its origi 
nal inlet direction. The present invention, on the other 
hand, provides structure in the form of a chamber hav 
ing a single opening through which the power stream both 
ingresses and egresses in one direction or the other along 
the chamber walls such‘ that the power stream undergoes 
essentially a complete reversal of its original inlet direc 
tion during its passage to one of several output channels. 
These outlet channels, in one or more preferred embodi 
ments, generally straddle the power stream input channel 
so that the high ?uid energy connections to and from 
the ampli?er can be conveniently grouped together. This 
is an advantage‘not found in prior art devices. Further 
more, a ?uid input control channel can be located im 
mediately‘adjacent to that output channel to which the 
power stream is directed by control ?uid therein. This 
means that a positive feed back channel can be easily 
connected therebetween without having to cross over other 
channels of the ampli?er. However, by utilizing the 
principle of boundary layer control and vortex action, the 
power stream flow path preferably is made stable in one 
or more of said ‘directions through the chamber without 
need for a positive feedback channel. ' 

Broadly, therefore, it is an object of this invention to 
provide a ?uid ampli?er with power stream reversal with 
in a speci?cally designed chamber. v 

Another object of the present invention is to provide 
a ?uid ampli?er device having ?ip-?op characteristics by 
means of ?uid boundary layer and vortex principles. 
A further object of the present invention is to provide 

a ?uid ampli?er with a generally circular :power stream 
reversing chamber having a single opening through which 
the power stream simultaneously ingresses and egres-ses 
on its Way from a power stream input channel to one of 
several power stream output channels. 

These and other objects of the present invention will be 
come apparent during the course of the following descrip 
tion to be read in View of the drawings in which: 
FIGURE 1 illustrates one embodiment of the inven 

tion wherein each control stream input channel is located 
to one side of the power stream reversing chamber; . 
FIGURE 2 illustrates a slight modi?cation of the em 

bodiment of FIGURE 1; 
FIGURE 3 illustrates another embodiment of the inven 

tion wherein each control stream input channel lies be 
tween the power stream input channel and one of the 
power stream output channels; and 
FIGURE 4 shows a slight modi?cation of the embodi 

ment in FIGURE 3. - 
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Referring ?rst to FIGURE 1, there is shown one pre 

ferred two~dimensional embodiment of the invention 
whose ?uid channels and chamber may be cut or other 
wise formed in a center laminate 10 of some ?uid im 
pervious material as, for example, transparent plastic. 
The top and bottom walls of the channels and chamber 
are provided by two other laminates of the material be 
tween which the center laminate 10 is positioned and 
sealed. This technique of fabricating a ?uid ampli?er is 
well known in the art so that no further description of 
same need be’ given here. Within the center laminate -10 
a power stream input channel 12 is adapted to receive 
relatively high energy power stream ?uid from a source 
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16. Positioned downstream from ori?ce 16 is a power 
stream reversing chamber generally indicated by 18 which 
is de?ned by a pair of curved side walls 20 and 22 joined 
together by a curvilinear unbroken end wall 24. Side 
Walls 20 and 22 together with end wall 24 form a gen 
erally circular shape in the preferred embodiment. Cham 
ber 18 has a single opening 26 in its end facing ori?ce 
16, with said opening being of su?icient size to permit 
both simultaneous ingress and egress of a power stream 
jet from ori?ce 16. A pair of power stream output chan— 
nels 28 and 30 branch from opening 26 one to either side 
of power stream input channel 12. The egressing power 
stream ?uid from chamber 18 can be received by any 
selected one of said power stream output channels and 
they conveyed to utilization means not shown. 
Means are further provided to cause power‘stream'?uid 

from ori?ce 16 to ingress into chamber 18 along either 
one of the side walls .20 or 22. In FIGURE 1 these di 
recting means preferably take the form of a pair of input 
control stream channels 32 and 34 each terminating in 
respective output nozzle ori?ces 38 and 42 situated on 
opposite sides of chamber opening 26. Channel 32 in 
turn is adapted to selectively receive a ?uid control stream 
from some external source 36 for applying same through 
its ori?ce 38 to impinge upon the power stream issuing 
from ori?ce 16. Similarly, control input channel 34 is 
adapted to selectively receive a ?uid control stream from 
an external source 40 which thereafter ?ows from ori?ce 
42 to likewise impinge upon the power stream at the 
region of ori?ce 16. Either control stream in channels 
32 or 34 may be continuous after application, or alter 
natively may be pulsed for a short period of time. As 
is well known in pure ?uid ampli?er technology, a con 
trol stream of relatively low energy issuing at a fairly 
large angle to the power stream will, upon impingement 
therewith, cause a deviation in the latter’s trajectory due 
to the positive force applied thereto. The principle in 
volved in said de?ection is primarily that of momentum 
exchange between the control stream and the power 
stream. For example, control ?uid issuing from ori?ce 
38 de?ects the power stream to the right as shown in 
FIGURE 1, while control ?uid from channel 34 would 
de?ect the power stream to the left. Conversely, a nega 
tive ?uid pressure caused by a vacuum source 36 could 
be admitted via ori?ce 38 which would pull rather than 
push the power stream so that its de?ection is to the left. 
It would also be possible to have power stream de?ecting 
means other than ?uid in nature especially where the de 
vice acts as an energy transducer for changing electrical 
or mechanical input signals into ?uid output signals. 
Chamber 1% is preferably designed so that power 

stream “lock-on” occurs to its walls such that the power 
stream remains ?owing in a particular direction around 
the chamber even after its de?ecting control stream is 
terminated. This condition of “lock-on” is provided by 
the creation of a recirculating ?uid vortex 41 in the open, 
unobstructed center of chamber 18. To illustrate this 
phenomenon, ?rst assume that source 14 is initially turned 
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on and the ?uid power stream emerges from ori?e 16 so 
as to be initially disposed in a straight line path directed 
toward the center of chamber 18. Almost invariably, 
said straight line trajectory of the power stream is un 
stable due to either designed or unavoidable asymmetry 
of the chamber and input channel con?guration. Conse 
quently, the power stream from ori?ce 16 (represented 
by the solid line arrows) begins to turn toward one side of 
chamber 18 which, for the purpose of the present discus 
sion, is assumed to be side wall 20. This turning may also 
be aided by the so-called “boundary layer effect” which 
is simply a low pressure region between the power stream 
and side wall 20 produced by the entrainment of ?uid 
particles therein by power stream ?uid. When the power 
stream once begins to ingess into chamber 18 closer to 
side wall 20 than to the other side wall 22, it generally 
follows a circular counterclockwise path around end wall 
24 and returns along the opposite side wall 22 so as to 
emerge or egress from opening 26 at a location opposite 
from that wherein it enters. It should be noted that the 
power stream egresses from the chamber in a direction 
having a directional component opposite to the direction 
in which the power stream ingresses into the chamber. 
Due primarily to its large 180° angle of reversal in cham 
ber 18, a portion of the power stream ?uid ?owing along 
the chamber walls continues to re-circulate in the center 
of chamber 18, so as to form a ?uid vortex generally 
indicated by the arrows 41. This vortex 41 is thereafter 
continuously supplied with a portion of the power stream 
?uid ingressing into the chamber so that once it has been 
established, it impinges upon the power stream ?owing 
against the chamber walls to thereafter maintain this ?ow 
path even in the absence of any control stream input. 

For the power stream path shown in FIGURE 1, ?uid 
egressing from chamber 18 via opening 26 generally con 
tinues to follow the contour of power stream output chan 
nel 28 which branches from side wall 22 of chamber 18. 
The continued “lock-on” of the power stream to a wall 
after leaving chamber 18, at least until it arrives in chan 
nel 28, is probably caused by the presence of a boundary 
layer effect which prevents the egressing power stream 
from colliding with the ?uid issuing from ori?ce 16. 
Consequently, power stream ?ow is only detected in out 
put channel 28 and not in output channel 30._ If the 
power stream instead enters chamber 18 along side wall 
22 it ?ows in an opposite direction therearound so as to 
exit from the device through output channel 30. 
FIGURE 2 shows an almost identical con?guration of 

?uid channels and chamber except for the fact that the 
control channels 32 and 34 are oriented so as to cause 
their respective control ?uids to impinge upon the power 
stream at substantially a right angle rather than at the 
acute angle shown in FIGURE 1. However, the de?ec 
tion of the power stream by control streams in FIGURE 
2 occurs in the same directions and for the same reasons 
that de?ection occurs in FIGURE 1. FIGURE 2 shows 
the issuing power stream locked-on to the opposite side 
wall 22 and exiting from the device via output channel 30. 
This ?ow path may be obtained from that of FIGURE 1 
by a control stream from channel 34 which issues and 
strikes power stream 40 at a time when said power stream 
ingresses into chamber 18 along wall 20. The force so 
applied by this control stream causes the power stream 
to be de?ected to the left so that the ingressing power 
stream breaks away from wall 20 and thereafter ingresses 
along wall 22 into chamber 18. The power stream con 
sequently egress from chamber 18 along side Wall 20 and 
continues through output channel 30 which in turn may 
be connected to utilization means if so desired. Where 
the ampli?er is designed for lock-on, power stream ?ow 
remains in the path shown in FIGURE 2 even after the 
control stream from channel 34 terminates. A subse 
quently applied control stream input from channel 32 is 
now required in order to return the device to the state 
shown in FIGURE 1, i.e., counter-clockwise power 
stream ?ow. 
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FIGURES 3 and 4 show slightly different embodiments 

of the invention wherein each input control ?uid chan 
nel is located between the power stream input channel 
58 and respective ones of the power stream output chan 
nels 68 and 70. The power stream input channel 50 
terminates in nozzle ori?ce 52 through which issues ?uid 
54 supplied by source 56. The power stream reversing ~ 
chamber 58 is of the same generally circular contour 
previously described, with its single opening 60 being 
large enough to permit the simultaneous ingress and 
egress of power stream ?uid. Side walls 62 and 64 are 
joined together by an end wall 66 for reversing power 
stream ?ow in the manner described in connection with 
FIGURES l and 2. Similarly, output channels 68 and 
70 branch from opening 60 one to either side of power 
stream input channel 50 so that each said output chan 
nel receives only egressing power stream ?uid. Control 
channels 72 and 74 now terminate in respective ori?ces 
76 and 78 which in turn lie between ori?ce 52 and the 
inlets to respective output channels 68 and 70. Control 
stream ?uid selectively applied by either one of these 
control channels impinges upon power stream ?uid 
issuing from ori?ce 52 in a manner to de?ect the latter 
from its normal trajectory. This determines which side 
wall of chamber 58 will be followed by the ingressing 
power stream. Since the control ?uid in FIGURE 3 is 
assumed to have a direction indicated by the dotted arrow 
in channel 74, the de?ection taken by the power stream 
is away from that control ori?ce from which issues said 
control stream. It might be added at this point that a 
suction pressure could alternatively be applied through 
either of the control channels 72 and 74, rather than a 
positive pressure, in order to pull the power stream toward 
the control ori?ce. For either mode of operation, the 
power stream enters chamber 58 along one side wall 
thereof in a manner to emerge therefrom along the 
opposite side wall from whence it ?ows through the 
appropriate output channel. Chamber 58 is preferably 
designed so that a recirculating vortex 80 is established 
‘for insuring power stream lock-on to the chamber walls. 
FIGURE 4 differs only slightly from FIGURE 3 in 

that a larger branching angle is taken by power stream 
output channels 68 and 70 from chamber opening 60. 
It will thus be observed that there can be a fairly wide 
latitude in the angle of the output channel from the 
opening of the chamber, with the obvious criterion only 
being the need for the power stream to navigate the bend 
into the output channel inlet so as to avoid collision with 
the ingressing power stream ?uid. 
Although several preferred embodiments of the present 

invention have been shown and described, many modi 
?oations thereto will occur to those skilled in the art 
without departure from the novel principles de?ned in 
the appended claims. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are de?ned as 
follows: ' 

1. A ?uid ampli?er device which comprises: 
(a) a ?uid power stream input channel which ter 

minates at a ?rst outlet ori?ce for issuing a power 
stream jet; 

(b) a ?uid stream reversing chamber positioned down- ' 
stream from said ?rst outlet ori?ce and partly de 
?ned by at least one pair of opposed side walls and 
which, at one end thereof facing said ?rst outlet 
ori?ce, has an opening of su?icient extent for allow 
ing the ingress thereto of all of the power stream ?uid 
from said ?rst outlet ori?ce simultaneously with the 
egress therefrom of power stream ?uid, said chamber 
further having at the opposite end thereof a wall with 
a curvilinear unbroken contour for smoothly chang 
ing the direction of power stream ?uid ingressing 
through said opening into said chamber along either 
side wall to a direction such that all of the power 
stream ?uid egresses from said chamber along the 
other side wall through said opening in a direction 
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having a directional component opposite to the di— 
rection in which said ?uid ingresses into said cham 
ber; 

(c) at least one pair of power stream output channels 
branching from said chamber opening one to either 
side of said power stream input channel such that 
each said output channel of said pair has an inlet 
generally facing said chamber opening in order to 
selectively receive all of the power stream ?uid 
egressing from said chamber along a respectively 
different one of its said pair of side walls; and 

(d) means for selectively causing the power stream 
jet from said ?rst outlet ori?ce to ingress into said 
chamber along either one of its said pair of side 
walls so that all of said power stream ?ow egressing 
from said chamber is selectively directed into a 
selected one of said output channels. 

2. A ?uid ampli?er device according to claim ll wherein 
the wall contour of said chamber has a design such that 
power stream ?ow therein in at least one direction gen 
erates ?uid forces which in turn establish stable power 
stream lock-on to said chamber walls. 

3). A ?uid ampli?er device according to claim ll wherein 
the wall contour of said chamber has a design such that 
power stream ?ow therein in at least one direction devel 
ops a ?uid vortex in the center of said chamber which in 
turn recirculates in a manner to at least aid in the estab 
lishment of stable power stream lock-on to said chamber 
walls. . 

4. A ?uid ampli?er device according to claim ll wherein 
said chamber is generally circular in shape with said 
opening being of a size substantially less than the average 
diameter of said chamber. 

5. A ?uid ampli?er device according to claim ll wherein 
said last mentioned means comprises at least one addi 
tional ?uid channel for supplying ?uid control pressure 
against a power stream jet issuing from said ?rst outlet 
ori?ce. 

6. A ?uid ampli?er device according to claim 1 wherein 
each of said pair of power stream output channels forms 
and acute angle junction with said power stream input 
channel.‘ ' 

‘7. A ?uid ampli?er device according to claim 1 wherein 
each of said pair of power stream output channels forms 
an angled junction with said power stream input channel 
which is no greater than ninety degrees. 

8. A ?uid ampli?er device comprising: 
(a) a ?uid power stream input channel which termi 

nates at a ?rst outlet ori?ce for issuing a power 
stream jet; 

(b) a ?uid stream reversing chamber positioned down 
stream from said ?rst outlet ori?ce and partly de?ned 
by at least one pair of opposed side walls and which, 
at one end thereof facing said ?rst outlet ori?ce, has 
an opening of su?icient extent for allowing the ingress 
thereto of all of the power stream ?uid from said 
?rst outlet ori?ce simultaneously with the egress 
therefrom of power stream ?uid, said chamber fur 
ther having at the opposite end thereof a wall with a 
curvilinear unbroken contour for smoothly changing 
the direction of power stream ?uid ingressing through 
said opening into said chamber along either side wall 
to a direction such that all of the power stream ?uid 
egresses from said chamber along the other side wall 
through said opening in a direction having a direc 
tional component opposite to the direction in which 
?uid ingresses into said chamber; 

(c) at least one pair of power stream output channels 
branching from said chamber opening one to either 
side of said power stream input channel such that 
each said output channel of said pair has an inlet 
generally facing said chamber opening in order to 
selectively receive all of the power stream ?uid 
egressing from said chamber along a respectively dif 
ferent one of its said pair of side walls; and 
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6 
(d) at least one ?uid control stream input channel ter 

minating in a second outlet ori?ce which in turn is 
located between said ?rst outlet ori?ce and the inlet 
of one of said pair of power stream output channels 
so as to selectively apply ?uid control pressure 
against the power stream jet issuing from said ?rst 
outlet ori?ce in order to selectively direct its ingress 
into said chamber along at least one of said pair of 
chamber side walls so that all of said power stream 
?ow egressing from said chamber is selectively di 
rected into a selected one of said output channels. 

9. A ?uid ampli?er device according to claim 8 wherein 
the wall contour of said chamber has a design such that 
power stream flow therein in at least one direction gen 
erates ?uid forces which in turn establish stable power 
stream lock-on to said chamber walls. 

it}. A ?uid ampli?er device according to claim 8 
wherein the wall contour of said chamber has a design 
such that power stream ?ow therein in at least one direc 
tion develops a ?uid vortex in the center of said chamber 
which in turn recirculates in a manner to at least aid in 
the establishment of stable power stream lock~on to said 
chamber walls. 

11. A ?uid ampli?er device according to claim 8 where 
in said chamber is generally circular in shape with said 
opening being of a size substantially less than the average 
diameter of said “chamber. 

12. A ?uid ampli?er device according to claim 8 which 
further includes another ?uid control stream input chan 
nel terminating in a third outlet ori?ce which in turn is 
located between said ?rst outlet ori?ce and the inlet of 
the other of said pair of power streamoutput channels 
so as to apply ?uid control pressure against a power 
stream jet issuing from said ?rst outlet ori?ce in order 
to selectively direct its ingress into said chamber along 
at least the opposite one of said pair of chamber side 
walls. I j 

13. A ?uid ampli?er device comprising: 
(a) a ?uid power stream input channel which termi~ 

nates at a ?rst outlet ori?ce for issuing a power 
stream jet; 

(b) a ?uid stream reversing chamber positioned down 
stream from said ?rst outlet ori?ce and partly de?ned 
by at least one pair of opposed side walls and which, 
at one end thereof facing said ?rst outlet ori?ce, has 
an opening of sufficient extent for allowing the ingress 
thereto of all of the power stream ?uid from said ?rst 
outlet ori?ce simultaneously with the egress there 
from of power stream ?uid, said chamber further 
having at the opposite end thereof a wall with a 
curvilinear unbroken contour for smoothly chang 
ing the direction of power stream ?uid ingressing 
through said opening into said chamber along either 
side wall to a direction such that all of the power 
stream ?uid egress from said chamber along the other 
side wall through said opening in a direction having 
a directional component opposite to the direction in 
which ?uid ingresses into said chamber. 

(c) at least one pair of power stream output channels 
branching from said chamber opening one to either 
side of said power stream input channel such that 
each said output channel of said pair has an inlet 
generally facing said chamber opening in order to 
selectively receive all of the power stream ?uid 
egressing from said chamber along a respectively dif 
ferent one of its said pair of side walls; and 

(d) at least one ?uid control stream input channel 
terminating in a second outlet ori?ce which in turn 
is located exterior to said chamber to one side of > 
said chamber opening so as to selectively apply ?uid 
control pressure against the power stream jet issuing 
from said ?rst outlet ori?ce in order to selectively 
direct its ingress into said chamber along at least one 
of said pair of chamber side -walls so that all of said 
power stream ?ow egressing from said chamber is 
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selectively directed into a selected one of said output 
channels. 

14. A ?uid ampli?er according to claim 13 wherein the 
wall contour of said chamber has a design such that power 
stream ?ow therein in at least one direction generates ?uid 
forces which in turn establish stable power stream lock-on 
to said chamber walls. 

15. A ?uid ampli?er according to claim 13 wherein the 
wall contour of said chamber has a design such that power 
stream ?ow therein in at least one direction develops a 
?uid vortex in the center of said chamber which in turn 
recirculates in a manner to at least aid in the establish 
ment of stable power stream lock-on to said chamber 
walls. ~ 

16. A ?uid ampli?er according to claim 13 wherein said 
chamber is generally circular in shape with said opening 
being of a size substantially less than the average diameter 
of said chamber. 
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17. A ?uid ampli?er device according to claim 13 

which further includes another ?uid control stream input 
channel terminating in a third outlet ori?ce which in turn 
is located exterior to said chamber to the opposite side of 
said chamber opening so as to selectively apply ?uid pres 
sure against the power stream jet issuing from said ?rst out 
let ori?ce in order to selectively direct its ingress into said 
chamber along at least the opposite one of said pair of 
chamber side Walls. 
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