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[57] ABSTRACT 
A pure ?uid device for providing efficient digital operation. A 
laminar input stream is caused to interact with one or more 
control streams within a con?ned interaction chamber to pro 
vide a binary output pressure whose level depends upon the 
laminar or turbulent condition of ?ow within the chamber. 
The invention provides extremely rapid switching in a precise 
ly controllable manner. The invention is also operable to pro 
vide controllable proportional amplification by producing an 
output pressure of a magnitude variable in response to control 
pressure variation. 

8 Claims, 13 Drawing Figures 
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PURE FLUID DEVICE 

FIELD OF THE INVENTION 

This invention relates to ?uidic devices and more particu 
larly to pure ?uid devices employing laminar ?ow. 

BACKGROUND OF THE INVENTION 

Pure ?uid devices are known in which ?uid streams are em 
ployed for control purposes in many applications. Such 
devices can be incorporated into networks and systems much 

' like their electronic counterparts to provide intended indica 
tion, control and logic functions. One class of pure ?uid 
devices, utilizes the controlled interaction of a control stream 
and a laminar ?uid power stream to provide pneumatic ,con 
trol without moving parts. In general, a laminar ?uid power 
stream is directed from the ori?ce of a supply tube through an 
uncon?ned space toward the ori?ce of a collector tube, with a 
control tube arranged in the uncon?ned space and adapted to 
,direct a control stream into interaction with the power stream. 
In the absence of a control stream, the power stream reaches 
the collector tube in a laminar condition. When, however, the 
control stream is applied with predetermined ?ow to the 
power stream, the power stream changes from a laminar t0 
turbulent condition, with the result that the pressure in the 
collector tube is reduced from that existing under laminar flow 
conditions. The difference in pressure in the collector tube 
can be employed to represent binary device states for digital 
control purposes. Moreover, the change in pressure in the col 
lector tube caused by the change in the power stream from 
laminar to turbulent ?ow can be greater than the change in 
pressure applied to the control stream to effect alteration of 
the power stream ?ow condition, and, thus, ampli?cation can 
be provided. 
However, devices of known construction do not o?‘er pre 

dictable or precisely controllable operation sufficient for 
many purposes. For example, when employed to provide pro 
portional amplification, conventional turbulence ampli?ers 
require extremely critical control of the pressure of the con 
trol stream to achieve intended pressure variation in the 
device output, such critical control not being usually achieva 
ble in practical operating environments. This same de?ciency 
of control precision also causes unreliable and often imprecise 
digital device operation, thereby limiting the utility of such 
conventional devices in ?uidic logic systems. 

SUMMARY OF THE INVENTION 

In accordance with the present invention a pure ?uid device 
is provided in which efficient and precisely controllable digital 
operation is achieved, in addition to controllable proportional 
ampli?cation. The invention utilizes the transition from a 
laminar ?ow condition to one of turbulent ?ow and accom 
plishes such transition by means of a shaped con?ned interac 
tion chamber which is effective to permit improved device 
operation. ‘ 

In brief, the novel device includes an input passage or tube 
adapted to establish and maintain laminar ?ow and commu 
nicating with a shaped con?ned interaction chamber which, in 
turn, communicates with a shielded region vented to the work 
ing atmosphere. The use of a laminar ?ow stream provides a 
considerable advantage over conventional turbulence devices. 
For example, the invention utilizes very’ low input and control 
pressures and does not exhibit any appreciable suction as in 
turbulence devices. One or more control passages are coupled 
to the interaction chamber and each is operative to direct a 
low energy control stream into intersection with a laminar 
input stream ?owing therethrough. An output passage is 
disposed on a common axis with the input passage and com 
municates with the open region. In the absence of a control 
stream, the input stream ?ows laminarly through the interac 
tion chamber and the adjacent shielded region to the output 
passage, giving rise to a relatively high output pressure 
therein. When a control stream is directed into intersecu'on 
with the laminar input stream, the input stream undergoes a 
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transition from a laminar to a turbulent state, resulting in a 
predetermined decrease in output pressure. The relatively 
higher and lower output pressures can provide intended bi 
nary output states. 
The invention is operative in either of two modes of opera 

tion, one mode providing effective binary operation, while the 
other mode provides improved linear ampli?cation. For bi 
nary operation, the shaped interaction chamber includes 
means for providing ?uid feedback therein in a manner opera 
tive to achieve extremely rapid switching from one state to 
another. For linear operation, such feedback means are not 
necessary and the con?ned interaction chamber provides a 
controlled laminar jet de?ection and distortion to achieve 
markedly improved ampli?er operation. 

DESCRIPTION OF THE DRAMNGS 

The invention will be more fully understood from the fol 
lowing detailed description, taken in conjunction with the ac 
companying drawings, in which: 

FIG. 1 is a plan view of a ?uid device embodying the inven-_ 
tion; 

FIG. 2 is a sectional elevation view of the embodiment of 
FIG. 1; 

FIG. 3 is a plot of output pressure versus control pressure 
useful in comparing digital operation of the invention and 
operation of a prior art turbulence ampli?er; 

FIGS. 4A and 4B are sectional elevational views of alterna 
tive implementations of the embodiment of FIG. 1; 

FIG. 5 is a sectional elevation view of an alternative imple 
mentation of the device of FIG. 1; 
FIG. 6 is a plan view of a portion of the device formed in 

plate 42 of FIG. 4; 
FIG. 7 is a plan view of a further embodiment of the inven 

tion; > 

FIG. 8 is a plot of output pressure versus control pressure 
useful in illustrating the proportional ampli?er characteristics 
of the invention, with a control jet applied via port 31a; 

FIG. 9 is a partly cut-away plan view of an alternative imple 
mentation of the embodiment of FIG. 7; 

FIG. 10 is a plot of output pressure versus control pressure 
useful in illustrating the proportional ampli?er characteristics 
of the embodiment of FIG. 7, with a control jet applied via 
port 24; - 

FIG. 11 is a schematic representation of a ?ip-?op utilizing 
the invention; and 

FIG. 12 is a schematic representation of an AND gate utiliz 
ing the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A ?uid device according to the invention is illustrated in 
FIGS. 1 and 2 and includes an input tube 10 having an ori?ce 
25 communicating with a shaped con?ned interaction 
chamber which includes an interaction region 12 and a con 
tiguous shaped region 14. A collector or output tube 16 is 
disposed on a common axis with input tube 10, the ori?ce 18 
of output tube 16 communicating with a shielded region 20 
which is vented to the working atmosphere. Region 20 is 
shaped as illustrated to provide a large area vented zone; the 
particular shape is not especially critical. The top and bottom 
walls 11 and 13 of region 12 are substantially parallel and are 
coplanar with input tube 10. That is, input tube 10 is of a 
diameter which is equal to and in alignment with walls 11, and 
13, as seen in FIG. 2. The side walls 19 and 21 of region 12 are 

, substantially parallel and are outwardly disposed from tube 

70 

75 

10, as illustrated in FIG. 1, to permit lateral de?ection and/or 
distortion of the laminar ?uid stream ?owing through region 
12. 
A plurality of control tubes 22 are coupled to respective 

control nozzles 23 which are coupled to respective opposite 
side walls 19 and 21 of interaction region 12. Each control 
nozzle 23 is operative to direct a low energy control stream 
into intersection with a low energy laminar input stream ?ow 
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ing from input tube 10 through zone 12. In the illustrated em 
bodiment, eight control tubes 22 are shown and some or all of 
these control tubes can be used for interconnecting other 
?uidic devices to form predetermined logical network con 
?gurations, as will be described. For many purposes only a sin 
gle control tube is required, and of course the invention can be 
implemented with a single control tube for these purposes. 
A pair of ports 24 are disposed in communication with the 

input end of interaction zone 12 adjacent the input ori?ce 25 
of input tube 10 and are operative to vent the interaction zone 
to prevent suction on the control ports when the input stream 
is in turbulent condition. A port 29 is provided for each con 
trol tube 22 for supply of ?uid thereto, while an output port 33 
is provided for output tube 16 to couple the output stream to 
utilization means. An input port (not shown) is provided to 
supply ?uid to input tube 10. The shaped region 14 includes 
side walls 26 which ?are outwardly from zone 12 and which 
continue at the same ?are angle to define the side walls 27 of 
zone 20. Region 14 includes a channel 28 in respective upper 
and lower walls 34 and 35 and having substantially the same 
width as the width of zone 12 and which extends along the axis 
of the device to a point slightly less than the full length of re 
gion 14 to de?ne a respective thin rib or knife edge 30. As 
seen in FIG. 2, the walls 34 and 35 of region 14 are outwardly 
disposed and parallel to the respective walls 13 and 11 of re 
gion l2. Ribs 30 have confronting surfaces which are removed 
from the planes of the walls 11 and 13 by an amount to 
prevent interference with the laminar flow of the input stream 
in the absence of control pressure. 
The invention is illustrated in greatly enlarged form, actual 

devices being generally of rather small size. For example, a 
device of the type shown in FIG. 1 typically has input and out 
put tubes of 0.0l75 inch diameter and an interaction chamber 
of 0.34 inch in length. The device can be fabricated for exam 
ple by machining of etching individual elements into respec 
tive upper and lower plateswhich can be secured together to 
provide a completed ?uid device therein. For example, the 
device according to the invention, as seen in FIG. 2, is formed 
within ?rst and second plates 15 and 17 of metal or other 
suitable material. The ?uid tubes are usually con?gured of 
semicircular cross section in each plate so that when the plates 
are secured together, a substantially circular cross section 
?uid tube is provided for ef?cient ?uid ?ow. Alternatively a 
square ?uid tube cross section can be employed. The device 
con?guration formed in each plate is identical, with the excep 
tion of the ?uid supply ports and vents, which are usually 
formed in a single plate. For many purposes, a plurality of 
devices are formed as a single structure to provide a complete 
operational network or system. - 

Input tube 10 is of a length and diameter to establish and 
maintain a ?uid stream in laminar ?ow therein such that a 
laminar stream will emerge from ori?ce 25 and ?ow through 
regions 12, 14 and 20 and be received by collector tube 16 
substantially in laminar condition, in the absence of any con 
trol stream applied by one or more control tubes 22. The 
laminar ?uid stream touches the top and bottom walls 11 and 
13 of of region 12 as it ?ows therethrough. The control stream 
has a lesser flow and lesser pressure than the input stream and 
is usually in laminar ?ow. Typically, supply pressures of less 
than 1.5 psi and control pressures of less than 0.1 psi are em 
ployed. 
With application of a control stream from a control tube 22, 

the supply stream de?ects and distorts by reason of the mo 
mentum of the control ?ow and pressure build-up in the con 
?ned region 12. The distorted supply stream ?owing in region 
14 engages the knife edges 30 which act as a source of 
disturbance to cause the stream to rapidly become turbulent. 
The turbulent stream tends to re?ect o?‘ knife edges 30 and 
recirculate back through channel 28 toward zone 12, this 
recirculation causing an avalanche or positive feedback effect 
which is operative to cause transition from laminar to turbu 
lent ?ow in an extremely short time interval. The pressure 
within collector tube 16 drops markedly when the supply 
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stream becomes turbulent, this pressure drop indicating a 
change in the device state. The device thus acts in a binary 
manner to provide one of two output levels depending upon 
the presence or absence of a control jet which governs 
whether the ?uid stream ?ow is laminar or turbulent. 

It is a particular feature of the invention that the transition 
between laminar and turbulent ?ow is achieved in an extreme 

ly short time interval. Moreover, the pressure in collector tube 
16 when the supply stream is turbulent, is at a lower pressure 
than usually obtainable by conventional devices. Thus, the in 
vention provides a ?uid device having markedly improved 
switching characteristics. 
The switching performance of the invention is shown in the 

graph of FIG. 3 in which the solid curve depicts the output 
pressure in the collector tube of the device as a function of 
control pressure in the control tube. It is evident that the out 
put pressure remains substantially constantuntil the controlv 
pressure is approximately 0.4 inches of water. A slight further 
increase in control pressure causes the indicated rapid 
decrease in output pressure, a minimum output pressure of 0.2 
inches of water typically being achieved. It will be noted that 
the cut-off characteristics of the device are extremely sharp 
and relatively low residual output pressure is achieved. In con 
trast, the dotted curve illustrates the typical response of a tur 
bulence ampli?er of conventional construction and it is seen 
that there is a relatively gradual variation in output pressure 
with relatively large changes in control pressure. As a result, 
such conventional devices exhibit poor cut-off characteristics 
and a generally higher minimum output pressure. 
The rib or knife edge 30 is but one form of obstruction 

operative in accordance with the principles of the invention to 
provide rapid switching characteristics. In some instances, the 
obstruction provided at the downstream end of region 14 is 
alone su?icient to provide the intended ?uid feedback without 
channels 28. For example, a rib can be provided across the full 
width of region 14. ’ 

Another example of an obstruction employed to accomplish 
intended device operation is shown in FIG. 4A which is an end 
view of a device of the type shown in FIG. 1 as viewed from re 
gion 20 toward input tube 10. Walls 100 and 101 are disposed 
transversely of the device between regions 14 and 20, with a 
slit 102 therebetween extending between the top and bottom 
walls and having a width approximately equal to the diameter 
of ori?ce 103 of input tube 10 and in alignment therewith. 
Vertical slits 104 can also be provided adjacent the other ends 
of walls 100 and 101 to provide suitable venting of region 14. 
A variation of the feedback obstruction is illustrated in FIG. 
4B and includes a square aperture 105 formed in a tranversely 
disposed wall 106 and in alignment with ori?ce 103 of the 
input tube 10. Vent slits 107 are provided as above. In opera 
tion, laminar stream ?ows through region 14 and, in the 
absence of a control stream applied to one or more of the con 

trol tubes, the laminar stream passes through the aperture pro 
vided in the transverse wall, to be received by the output tube. 
Upon application of a control stream, the laminar stream is 
de?ected and/or distorted into impinging relationship with the 
transverse wall, causing turbulence in the stream and causing 
recirculation of ?uid back toward region 12. As a result of the 
?uid feedback, the laminar stream rapidly becomes turbulent 
thereby causing a correspondingly rapid decrease in output 
pressure in the output tube. 
An alternative implementation of the invention is illustrated 

in FIGS. 5 and 6 in which the novel device is constructed in 
four plates which can be combined in a laminated package to 
form a complete device. The device con?guration is as shown 
in FIG. 1 and is substantially symmetrical. For purposes of 
clarity only two plates are shown, the other two plates being 
substantially the same. As seen in FIG. 5, plate 40 has formed 
therein half of supply tube 10 (FIG. 1) and half of collector 
tube 16. The semicircular portions of the ori?ces 21 of control 
tubes 22 are seen in the illustrated cross section. A similar 
tube con?guration is formed in another plate (not shown) 
which is disposed in confronting relationship with plate 40 to 
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provide the completed ?uid tube structure and interaction 
zone 12. A plate 42 has formed therein the shaped region 14 
and is placed in contact with plate 40, as illustrated, together 
with a like pair of plates to form the device. A plan view of 
plate 42 is depicted in FIG. 5 and includes the uniquely shaped 
region 14, region 20, ports 25 which communicate with vents 
24 formed within plate 40, and ports 27 which provide inlet 
and outlet ports for the control tubes 22 formed in plate 40. 
The invention can also be employed in a slightly different 

con?guration to provide improved proportional ampli?cation. 
In this mode of operation, the shaped region 14 (FIG. 1) is not 
employed. As seen in FIG. 7, the novel device is-similar to the 
device of FIG. 1 except that the region 41 disposed between 
interaction zone 12 and output tube 16 is a shielded region 
which is vented to the working atmosphere. For proportional 
operation, a pair of control tubes 22a are usually employed, 
with each disposed on a respective opposite side of interaction 
zone 12, and coupled to respective control ports 31a for in 
troduction of a suitable supply of control ?uid. The control 
tubes 220 preferably communicate with interaction zone 12 at 
positions near the input ori?ce of supply tube 10. 
The device in the illustrated con?guration operates as a 

high gain low noise proportional ampli?er and exhibits a typi 
cal operating characteristic as shown in FIG. 8. As described 
hereinabove, a supply stream is provided and maintained 
within supply tube 10 in laminar ?ow condition and the 
laminar stream ?ows through interaction region 12 and thence 
through zone 41 to the collector ori?ce 18 of output tube 16. 
A low pressure control stream enters the communication re 
gion 12 via one of control tubes 22a and causes de?ection of 
the laminar stream ?owing through region 12 by pressure 
build-up in the interaction region. The laminar stream is 
thereby de?ected away from output ori?ce 18 causing a con 
trolled decrease in output pressure which is proportionally re 
lated to the magnitude of the control pressure. By introducing 
a control pressure to each control port 31a, de?ection of the 
laminar stream can be accomplished in an amount related to 
the difference between the two control pressures. 
As seen'in FIG. 8, the novel ?uid ampli?er provides an out 

put pressure which is directly proportional to an applied con 
trol pressure and which is precisely and controllably variable 
in response thereto. Relatively large changes in output pres 
sure can thereby be provided in response to relatively small 
variations in control pressure. Conventional turbulence am 
pli?ers cannot be veasily employed in many applications 
requiring controlled proportional ampli?cation, since signi? 
cant output variation, in addition to noise, occurs for extreme 
ly small changes in control pressure and a degree of control is 
required which is not easily achievable in practice. 
As an alternative implementation of the embodiment of 

FIG. 7, the control tubes 220 can be eliminated, and control 
streams introduced into region 12 via ports 24. Of course in 
this embodiment, ports 24 would be coupled to a source of 

5 

20 

25 

35 

40 

45 

55 
control pressure, rather than being vented as in the embodi- ' 
ments described hereinbefore. Operation is substantially as 
described above, wherein a pressure build-up within region 
12, caused by application of a control stream, causes de?ec 
tion of the laminar input stream away from the side of in 
creased pressure. Variation in output pressure can be detected 
by a single output tube 16, as in FIG. 7, or by a pair of dis 
placed output tubes 48 and 49, as in FIG. 9. Output tubes 48 
and 49 are disposed on respective opposite sides of the lon 
gitudinal axis of the device along which the laminar stream 
?ows, and are coupled to respective output ports 51. Propor 

60 

65 

tional operation of the device of FIG. 7 with the control,‘ 
stream applied via port 24 is depicted in FIG. 10. It should ' 
evident that high gain, low noise ampli?cation is provided. . 
Moreover, proportional operation is achieved with negative as 
well as positive control pressures. 
With a control stream applied via port 24, the control 

stream enters region 12 and ?ows therein in a direction sub 
stantially parallel to the laminar input stream. There is no 
material impact between the control stream and the input 
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stream, the input stream remaining substantially in laminar 
?ow. Flow of the control stream on one side of interaction re 
gion 12 causes a pressure build-up which in turn causes de?ec~ 
tion of the laminar input stream away from the region of in 
creased pressure. A differential output pressure is provided in 
output tubes 48 and 49, a decrease in output pressure being 
experienced by the output tube away from which the laminar 
stream is de?ected, while a corresponding pressure increase is 
experienced by the output tube toward which the laminar 
stream is de?ected. As discussed above, a control stream can 
be introduced to both control ports 24 to cause stream de?ec 
tion in an amount proportional to the difference between the 
‘applied control pressures. For certain applications, it is desira 
ble to use a differential output con?guration such as provided 
by the device of FIG. 9, while for other purposes a single out 
put con?guration is preferable, as in FIG. 7. For some pur 
poses, a single output may be offset from the longitudinal 
device axis. In the case of an offset output tube con?guration, 
the ampli?er gain will be of a sense dependent upon the 
direction of offset. The control pressure applied to ports 24 
can be both positive and negative and proportional amplifica 
tion can be provided with either sense of control pressure as 
seen from FIG. 10. 
The invention in its digital mode of operation can be em 

bodied in a variety of logical con?gurations to suit particular 
operating requirements. Referring to FIG. 1 1, there is shown a 
?ip ?op comprised of two ?uid devices and constructed ac 
cording to the invention. First and second ?uid devices 50 and 
52 are provided, each having its output tube coupled to a con 
trol tube of the opposite device. More particularly, output 
tube 54 is coupled to control tube 56 of device 52, while out 
put tube 58 is coupled to control tube 60 of device 50. The 
supply tubes 62 and 64 are connected to a common source of 
supply pressure. A second control tube 66 of device 50 is cou 
pled to a source of control signalsto provide a SET input, 
while control tube 68 of device 52 is coupled to a source of 
control signals to provide a RESET input. It will be ap 
preciated that the ?uid ?ip ?op circuit exhibits two bistable 
states, one wherein output A is at a higher pressure level than 
output B, and vice versa. Once a given bistable state is 
established, the device will remain in that state until switched 
to the opposite state by energization of an appropriate SET or 
RESET control jet. In operation, with a laminar ?uid stream 
?owing from supply tubes 62 and 64 and a control stream ap 
plied via control tube 66, the pressure in output tube 54 will 
drop due to the transition from laminar to turbulent ?ow ac 
cording to the invention, resulting in a relatively higher pres 
sure level by reason of the laminar ?ow of the input stream 
through the interaction zone of device 52, and this higher 
pressure ?ow is coupled from output tube 58 to control tube 
60 of device 50 to maintain output A in its low level state even 
after the SET control signal is removed. When, however, a 
RESET control signal is applied to control tube 68, causing 
the transition from laminar to turbulent ?ow in device 52, the 
output pressure in output tube 58 markedly drops to provide a 
relatively lower pressure output B. The drop in pressure in col 
lector tube 58 also causes a corresponding drop in pressure in 
control tube 60, causing the turbulent ?ow therein to revert to 
a laminar condition, with consequent increase in the output 
pressure in tube 54. The higher pressure ?ow in tube 54 is 
coupled tocontrol tube 56 to maintain device 52 in its low 
level state after removal of the RESET control signal. The in 
vention as embodied in an AND gate is illustrated in FIG. 12 
and includes four ?uid devices, each constructed as described 
hereinabove and each having a respective supply tube 70, 72, 
74 and 76 coupled to a common source of supply ?uid. The 

i respective output tubes 78, 80, 82 and 84 of the ?uid devices 
are coupled to respective control tubes 86 of a ?uid device 88, 
the collector 90 of which provides the gate output. The supply 
tube 92 of device 88 is also coupled to the common source of 
supply ?uid. A control tube 94 of respective devices is cou 
pled to respective input ports labeled C, D, E and F. In opera; 
tion, a relatively higher pressure output will be provided at 
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output tube 90 when control streams are applied to all four 
input tubes, while the output will be at relatively lower pres 
sure for all other input conditions. With control streams sup 
plied to the four input tubes C, D, E and F, the respective ?uid 
devices will switch to the turbulent state wherein a lower pres 
sure output stream is provided. The four control tubes 86 of 
device 88 are therefore essentially inactive with the result that 
the output pressure in output tube 90 is at a relatively higher 
level. With the removal of one or more of the input control 
streams, those devices for which the control stream is 
removed will revert to a condition of laminar ?ow, according 
to the invention, causing a higher pressure output to appear at 
the output tube of the aforesaid device, which will energize 
selected ones of control tubes 86, which, in turn, will cause 
device 88 to revert to turbulent ?ow, causing a decrease in 
pressure in output tube 90. In this manner a ?rst digital output 
state is provided in the presence of all four input control 
streams, and a second digital output state is provided for all 
other input conditions, thereby implementing the logical AND 
function. 

Various modifications and implementations will occur to 
those versed in the art and it is not intended to limit the inven 
tion by what has been particularly shown and described. 
We claim: 
A pure ?uid device comprising: 
a con?ned interaction chamber having top and bottom walls 
and a pair of side walls; 

an input passage having an ori?ce communicating with one 
end of said interaction chamber and adapted to establish 
and maintain a ?uid stream in laminar ?ow through said 
chamber; 

a control passage having an ori?ce communicating with said 
chamber and adapted to introduce a low energy control 
stream into said chamber; 

a shielded region contiguous with said interaction chamber 
and vented to the working atmosphere; and , 

an output passage having an ori?ce disposed at the 
downstream end of said shielded region; 

said output passage being operative to provide a predeter 
mined output pressure in response to a laminar stream 
received from said input passage in the absence of a con 
trol stream, and to provide a predetermined different out 
put pressure in the presence of a control stream; 

said con?ned interaction chamber including 
a con?ned region having top and bottom walls substantially 

parallel and coplanar with said input passage, and sub 
stantially parallel side walls outwardly disposed from said 
input passage, said control passage communicating with 
said con?ned region; and 

a shaped region disposed downstream of said con?ned re 
gion and contiguous therewith, said shaped region having 
top and bottom walls disposed outwardly of the respec 
tive top and bottom walls of said con?ned region, and 
means for providing recirculation of said ?uid stream 
within said shaped region in the presence of a control 
stream to achieve rapid switching from one binary state to 
another; 

said recirculation means including 
a channel formed in the top and bottom walls of said shaped 

region and extending parallel to the axis thereof; and 
a rib disposed at the downstream end of each of said chan 

nels across the width thereof and extending inwardly by 
an amount to permit unobstructed ?ow of said laminar 
stream from said input passage in the absence of a control 
stream and to engage a portion of said laminar stream in 
the presence of said control stream. ' 

2. A pure ?uid device according to claim 1 wherein said 
channels are each of a width substantially equal to the separa 
tion between the side walls of said con?ned region. 

3. A pure ?uid device comprising: 
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8 
a con?ned interaction chamber including a con?ned region 

having top and bottom walls and a pair of side walls, and a 
shaped region disposed downstream of said con?ned re 
gion and contiguous therewith; 

said shaped region having top and bottom walls disposed 
outwardly of the respective top and bottom walls of said 
con?ned region, and means disposed at the downstream 
end of said shaped region for providing recirculation of 
said ?uid stream within said shaped region in the 
presence of a control stream to achieve rapid switching 
from one binary state to another; . 

an input passage having an ori?ce communicating with one 
end of said interaction chamber and adapted to establish 
and maintain a ?uid stream in laminar ?ow through said 
chamber; 

a control passage having an ori?ce communicating with one 
of said side walls of said chamber and adapted to in 
troduce a low energy control stream into said chamber; 

said top and bottom walls of said con?ned region being sub 
stantially parallel and coplanar with said input passage, 
and said side walls being substantially parallel and out~ 
wardly disposed from said input passage; 

a shielded region contiguous with said interaction chamber 
and having side walls outwardly disposed from said input 
passage and top and bottom surfaces fully vented to the 
working atmosphere; and 

an output passage having an ori?ce disposed at the 
downstream end of said shielded region; 

said output passage being operative to provide a predeter 
mined output pressure in response to a laminar stream 
received from said input passage in the absence of a con 
trol stream, and to provide a predetermined different out 
put pressure in the presence of a control stream. 

4. A pure ?uid device according to claim 3 wherein said 
recirculation means includes an obstruction disposed in said 
shaped region in an operative position to permit passage of a 
laminar stream from said input passage in the absence of a 
control stream and to engage a portion of said laminar stream 
in the presence of a control stream. 

5. A pure ?uid device according to claim 3 wherein said 
recirculation means includes 

a wall disposed at the downstream end of said shaped region 
and transversely thereacross; 

an aperture formed in said wall in alignment with the ori?ce 
of said input passage; and 

means for venting said shaped region. 
6. A pure ?uid device according to claim 3 wherein said 

recirculation means includes 
a channel formed in the top and bottom walls of said shaped 

region and extending parallel to the axis thereof; and 
an obstructing element disposed at the downstream end of 
each of said channels across the width thereof and ex 
tending inwardly by an amount to permit unobstructed 
?ow of said laminar stream from said input passage in the 
absence of a control stream and to engage a portion of 
said laminar stream in the presence of said control 
stream. 

7. A pure ?uid device according to claim 3 wherein said 
recirculation means includes . 

an obstructing element disposed at the downstream end of 
said shaped region across the width thereof and extending 
inwardly by an amount to permit unobstructed ?ow of 
said laminar stream from said input passage in the 
absence of a control stream and to engage a portion of 
said laminar stream in the presence of said control 
stream. 

8. A pure ?uid device according to claim 3 wherein said 
con?ned region includes one or more vents communicating 
between the input end of said con?ned region adjacent said 
input passage and the working atmosphere. 


