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This invention relates to ?uid control devices and more 
particularly, to digital type ?uid ampli?ers. 

Fluid ampli?ers have the potential for wide applica 
tion in various ?elds, due primarily to their reliability, 
temperature insensitivity, shock resistance, and ease of 
fabrication. These devices may be employed as digital 
computing elements and also as power devices to oper 
ate valves and the like. Fluid ampli?ers may be oper 
ated as pneumatic devices employing a compressible ?uid, 
such as gas or air, or as hydraulic devices utilizing an 
incompressible ?uid, such as water or oil. 
One of the basic types of ?uid ampli?er is the boundary 

layer effect type. In this device, power jet de?ection 
is e?‘ected by the side walls of an interaction chamber 
shaped in such a way that the power jet attaches to one 
or the other of the side walls but not to both side walls. 
This is brought about, after initial lateral de?ection by 
a control jet, by the entrainment action of the power 
jet, wherein the power jet, comprising turbulent air, tends 
to entrain air at a lower pressure between it and an ad 
jacent side wall. The entrainment ‘becomes more effec 
tive as the power jet approaches more closely to the 
adjacent side wall, since the pressure of the trapped air 
becomes still lower. The jet becomes stable in the at 
tached position to the wall. This type of ampli?er is 
basically a two position device, and for this reason is 
generally referred to as a digital device. The binary 
?uid ampli?er of the prior art therefore requires the 
use of one or more control ?uid jets to obtain the digital 
switching action. 

In accordance with the principles of the invention, 
however, a different mechanism and a new basis for pro 
viding switching action has been discovered and utilized 
in a ?uid ampli?er. The entrainment action mentioned 
above which is responsible for providing the latching ef 
fect, i.e., the maintenance of the power jet against one 
of the side walls irrespective of whether the lateral con 
trol jet switching it to that side has been removed or 
not, occurs when the power jet ?uid is turbulent. If, 
however, the ?ow is laminar, the entrainment action de 
scribed above and the latching effect provided by trans 
verse motion of the power jet due to the control jet is 
substantially eliminated. 

In accordance with the principles of the invention, a 
?uid ampli?er is provided wherein the power jet is or 
dinarily maintained at a pressure level providing laminar 
?ow. Further, the boundary layer of the laminar power 
jet is ordinarily su?‘iciently close to a side wall such that 
if turbulent ?ow existed, the power jet would start switch 
ing toward the side wall and latch on thereto, ‘but is not 
so close as to entrain with laminar ?ow. Switching, i.e., 
power jet de?ection from one output port to another, 
is accomplished by converting the laminar power jet into 
a turbulent power jet. When the turbulence is created, 
the power jet commences de?ecting toward the more 
closely spaced adjacent side wall and entrainment be 
tween the turbulent jet and the side wall is created. This 
de?ected turbulent jet now remains latched against that 
side wall until such time as laminar power jet ?ow is re 
stored. 

In one embodiment in accordance with the principles 
of the invention, turbulent ?ow is obtained by a piezo 
electric crystal disposed in the side wall closely adjacent 

. the power jet nozzle and therefore closely adjacent the 
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jet boundary layer. The opposite side wall is farther re 
moved from the jet, i.e., the two side walls are asym 
metrically disposed relative to the laminar power jet. 
Rapid oscillation of the piezoelectric crystal by means 
of an A.C. source results in rapid movement or oscilla 
tion of the side wall whereby the laminar power jet is 
disrupted sul‘?ciently to result in turbulence. This turbu 
lent jet switches to the closer side wall and latches. Cut 
ting o? the motion of the piezoelectric crystal eliminates 
the forces tending to create the turbulence, and laminar 
?ow is restored. The power jet then switches back to its 
other binary state. 
The device may ‘be elfectively utilized as a monostable 

?ip-?op in that its ordinary state of de?ection is directed 
toward one output port whenever it is in the condition of 
laminar flow; it switches to another state of de?ection di 
rected to another output port only during the application 
of an AC. signal to the turbulence generating switch 
ing means. As soon as the signal is removed, the device 
switches back to its stable de?ected state due to the re 
turn to laminar ?ow. 

Aside from its application as a mono~stable ?uid ?ip 
?op, a device in accordance with the principles of the 
invention, may also be applied as an electrical-to-pneu 
matic control transducer. Where information may be 
borne by trains of AC. pulse signals, which ultimately are 
to be utilized in a ?uid control system, the application of 
the AC. pulses to a device in accordance with the prin 
ciples of the invention, effectively transforms each elec 
trical pulse into a change of state in the pneumatic device. 
Many other energy forms may be used to actuate the 

means for generating turbulence in the previously laminar 
jet ?ow. In a general sense the invention contemplates a 
?uid control transducer with any form of energy inputs 
thereto, e.g., electrical, thermal, acoustic or mechanical. 
One of the features of the invention resides in the 

fact that there are no ?uid control jets needed nor utilized 
in the constnuction of the device. 
The novel features believed to be characteristic of this 

invention are set forth with particularity in the appended 
claims. The invention itself, however, both as to its 
organization and method of operation, together with 
further objects and advantages thereof, may best be under 
stood by reference to the following description taken in 
connection with the accompanying drawings. 

In the drawings: 
FIG. 1 is a perspective, partially cut-away view of a 

?uid ampli?er embodiment of the invention; 
FIG. 1A is a schematic view of the electro-mechanical 

transducer circuit used in the embodiment of FIG. 1; and 
FIGS. 2 and 3 are ?uid ampli?er embodiments of the 

invention having variant geometries. 
Referring now to the drawings in greater detail, there 

is illustrated in FIG. 1 an embodiment of the invention, 
given by way of example, of a mono~stable digital type 
?uid ampli?er wherein the switching mechanism com~ 
prises a piezoelectric crystal. The device is diagram 
matically shown in FIG. 1 as including a. plate 11, formed 
of suitable material, such as metal, plastic or the like, 
which is slotted in a special con?guration to provide pas 
sages for ?uid. The various slots in plate 11 may be 
formed in any suitable manner and may extend entirely 
through the plate or be made of lesser depth, as desired. 
In the illustrated embodiment, the slots in plate 1'1 are 
shown extending only partially therethrough. The plate 
includes a main opening 12 into which extends a conduit 
or passage 13 which carries the pressurized ?uid into the 
opening 12, it being understood that a suitable enclosure, 
such as covering plate 9‘, is positioned on the top side of 
plate 11 to con?ne ?uid to the various slots of plate 11. 
The ?uid utilized in the control device may assume a 
variety of forms. For example, the ?uid may constitute 
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a compressible ?uid, such as air, to provide a pneumatic 
device. As a further example, the ?uid may be incom 
pressible, such ‘as oil or water, to provide a hydraulic 
device. ' 

Communicating with opening 12 is a restricted slot 14, 
constituting a nozzle from which issues a power jet of 
?uid emanating from conduit 13. At a distance from 
the nozzle of several times the diameter of nozzle 14 
are disposed two ?uid receivers in the form of diverging 
channels or passages 22 and 24. The outputs of channels 
22 and 24 may be applied to any type of utilizing means 
for actuation either by ?uid ?ow or ?uid pressure under 
the control of which one of passages 22 and 24 has the 
output. Channel 24 is axially aligned with the nozzle 
14. The power jet ?uid may be supplied to opening 12 
through conduit 13 by an appropriate constant supply 
low pressure source, e.g., a ?berglass impeller blower 
(not shown). ' 
The axis of channel 22 is angularly displaced from the 

axis of nozzle 14. The side wall 16 adjoining the left 
hand side of nozzle 14 to the left hand side of channel 
22 forms an acute angle when extended to intersect the 
axis of nozzle 14. Wall 16 curves away from nozzle 14 
sufficiently to preclude entrainment when the power jet 
is laminar but close enough for entrainment when the ?ow 
is turbulent. Disposed in side wall 16 at the point where 
nozzle 14 opens into interaction chamber 17 is one face 
18 of a piezo-electric crystal 19. Two electrical leads 
25 and 26 disposed on opposite sides of crystal 19 are 
connected to an electrical circuit 20 capable of applying 
alternating current signals to crystal 19. The side wall 
28 on the opposite side of nozzle 14 from crystal 19 
curves smoothly but radically away from the axis of 
nozzle 14 to ultimately curve back, after forming a Wide 
concave path, to meet the right hand Wall of the chan 
nel 24. 
The pneumatic power jet is applied to nozzle 14 at a 

low supply pressure, which may be approximately two 
pounds per square inch or less to insure laminar ?ow of 
the power jet as it passes from nozzle 14 into the inter 
action chamber 17. It is characteristic of laminar ?ow 
that the boundary layer of the ?uid jet remains substan 
tially parallel or non-divergent for distances equal to 
many times the diameter of the nozzle from whence it 
issues. Accordingly, without anything more, the laminar 
power jet issuing from nozzle 14 passes directly and lin 
early to and through channel 24. Passage of ?uid to 
channel 24 constitutes the stable state for this embodi 
ment. 
When, however, an alternating current is applied from . 

input control circuit 20 to piezo-electric crystal 19, the 
electrical signal is converted into an oscillatory expan 
sion and contraction of crystal face 18 which is character 
istic of the inverse piezo-electric effect. Motion of the 
crystal surface constitutes actual oscillation of that por 
tion of side wall 16 immediately adjacent the output of 
nozzle 14. This mechanical oscillation of crystal face 
18 causes condensations and rarefactions of the air in its 
immediate vicinity and thereby causes a physical disrup 
tion in the boundary layer of the laminar power jet. In 
turn, the power jet becomes turbulent and its boundary 
layer diverges. 
The divergence brings the boundary layer of the now 

turbulent power jet closer to side wall 16, whereupon en 
trainment action commences between the power jet and 
side wall 16. Side wall 16 is su?iciently close so that 
latching of the power jet to the left hand side wall occurs 
quite rapidly. The turbulence of the power jet has no 
effect on the right hand side of the device, since side wall 
28 swings sharply and radically away from the path of the 
jet, even when the boundary layer of the jet diverges due 
to turbulence. Under these circumstances, then, the 
turbulent jet remains latched to left hand side 16 and the 
power jet is directed to the left hand ?uid output channel 
22. When osgillation of the crystal 19 ceases, as when 
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A 
the AC. signal from source 20 is removed, the rarefac 
tions and condensations cease and turbulence is no longer 
maintained by the power jet and the laminar ?ow con 
dition is restored. With laminar ?ow, the entrainment ac 
tion cannot exist with the geometry of the device of 
FIG. 1 and the power jet switches back to its initial con 
dition and exits from channel 24. It may be seen, there 
fore, that in operation, the device of FIG. 1 is such that 
the power jet de?ection follows the electrical signal input 
to the crystal. Thus, a pulse train (each pulse of which 
constitutes at least several cycles of an AC. signal) ap 
plied to crystal 19 results in the power jet oscillating back 
and forth between channels 22 and 24 at the same fre 
quency as the pulse repetition rate of the input electrical 
signal. Periodic operation, of course, is not necesarry; 
monostable ?ip-?op action is provided with any type of 
pulsing. 
The electrical circuit controlling the piezo-electric crys 

tal 19 may be of the type known in the art as shown in 
FIG. 1A. As shown in FIG. 1A, piezo-electric crystal 19 
is shown with two side metallic plates 30 and 31 to which 
are secured electrical leads 25 and 26, respectively. Crys 
tal 19, which may be of quartz, generates a mechanical 
force causing expansion and contraction of the faces 18 
and \18’ of crystal 19 when an AC. voltage is applied 
across plates 30 and 3-1. This is the well known inverse 
piezo-electric effect. The quartz crystal 19 has a natural 
frequency of expansion and contraction. The circuit of 
FIG. 1A has an A.C. frequency source for generating the 
natural frequency of the crystal and applying it thereto 
through transformer 34 with a variable capacitor 316 in 
parallel with crystal 19. In such a circuit, the mechanical 
motion of the system is maximized 

Various switching means may be utilized in accordance 
with the principles of the invention other than the piezo 
electric crystal of FIG. 1. Thus, for example, a magneto 
strictive device ‘may be disposed in the wall in lieu of 
crystal 19. Appropriate control circuits for operating the 
magneto-strictive device produce similar effects. Alterna 
tively, the device may be utilized as a temperature con 
trol device by utilizing a bimetallic temperature sensitive 
element having one face positioned to protrude from the 
side wall region. When the temperature is su?icient to 
cause movement of the temperature sensitive bimetallic 
device, the element ‘is caused to protrude into the ?uid 
path, causing a physical disruption sufficient to create tur 
bulence. Acoustical vibrations from an oscillating mem 
brane may be used to generate condensations and rare 
factions in the air adjacent the laminar jet to cause the 
desired switching. An audio oscillator arrangement con 
trolling a pneumatic jet is shown, for example, in United 
States Letters Patent Nos. 1,477,645 and 1,549,196. 

In FIG. 2, there is presented a ?uid ampli?er which is 
basically similar to the embodiment of FIG. 1 but with 
certain modi?cations, any one of which, or all, may be 
incorporated in the structure of FIG. 1. One of the fea 
tures of difference between the two embodiments is the 
vents 41 and 42 of FIG. 2, shown as opening through the 
side walls immediately adjacent receiver channels 22' and 
24’, respectively. The downstream ends of vents 41 and 
42 open to the ambient atmosphere. It has been found 
that venting arrangements of this type improve the oper 
ation of a ?uid ampli?er, and a detailed description of the 
value and function of such venting arrangements is pre 
sented in United States patent application, Serial No. 236, 
777, entitled “Fluid Control Devices” ?led November 8, 
1962, by Willis A. Boothe, now Patent No. 3,181,546. 
The piezo-electric crystal 49 is in all respects similar 

to crystal 19 and is controlled by a circuit of the type 
of FIG. 1A; however, is located in a different place from 
its counterpart in FIG. 1. In FIG. 2, the piezo-electric 
crystal 49 is disposed upstream of the location of the 
crystal in FIG. 1. More particularly, crystal 49 is shown 
as being located midway along the wall of the nozzle 
passage 14’. Another appropriate location is even far 
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ther upstream in the wall of the opening 12’ located up 
stream of the entire nozzle passage 14" (as shown by 
the broken line representation 49'). For certain applica 
tions, the 49 and 49' crystal locations may more readily 
produce turbulence in the jet emerging from nozzle 14’ 
than would the crystal location 19 of FIG. 1. 
The last feature of FIG. 2 which is different from that 

of FIG. 1 is the elongated inlet 12’ of FIG. 2 with the 
incorporation therein of ?uid ?ow straighteners 51, the 
combination of which is designed to reduce inlet turbu 
lence. Inlet 12’ has a much longer axial'length in the 
direction of ?uid ?ow than does inlet 12 of FIG. 1. A 
longer path for the ?uid to travel is insured by locating 
the inlet passage 13 at the end of opening 12’ remote 
from nozzle 14'. The ?ow straighteners 51 are a parallel 
array of thin vanes disposed approximately midway be 
tween passage 13' and nozzle 14', through which the 
power jet must pass. The elongated path and the vanes 
serve to reduce undesired turbulence in the inlet portion 
of the ?uid ampli?er. 

FIG. 3 is a ?uid ampli?er substantially as shown in 
FIG. 2 but with a different venting arrangement. Vents 
55 and 56 of FIG. 3 are disposed adjacent the nozzle 
14” rather than farther downstream adjacent the ?uid 
channels 22” and 24” as is the case in FIG. 2. Further 
more, vent 55 on the lefthand side adjacent wall 16" 
is much narrower than vent 56 on the opposite side of 
nozzle 14". The difference in the widths of the vents 
has to do with precluding the generation of turbulence 
of a self~induced nature and therefore with the reduction 
of turbulence when it is not desired. The vent 55 con 
stitutes a capillary type resistance, and when the power 
jet is substantially in laminar flow the resistance is not 
very large with respect to the low level laminar entrain 
ment requirements, i.e. the venting performed by vent 
55 is effective. However, during turbulent power jet ?ow, 
the capillary resistance of vent 515 is quite large and in 
fact provides a su?iciently large resistance with respect 
to turbulent requirements such that the power jet at 
taches to wall 16" when turbulence in the power jet pre— 
vails. 

While the principles of the invention have now been 
made clear in illustrative embodiments, there will be im 
mediately obvious to those skilled in the art many modi~ 
?cations in structure, arrangement, proportions, the ele 
ments, materials, and components, used in the practice 
of the invention, and otherwise, which are particularly 
adapted for speci?c environments and operating require— 
ments, without departing from those principles. The 
appended claims are therefore intended to cover and 
embrace any such modi?cations, within the limits only of 
the true spirit and scope of the invention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A ?uid ampli?er comprising: means for generating .~ 

a laminar ?uid power jet including a passage from whence 
said jet issues; ?rst and second ?uid receivers spaced from 
said passage, said ?rst ?uid receiver being axially aligned 
with said passage and said second receiver angularly dis 
placed from the axis of said passage; said ?uid ampli?er 
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having a side wall on each of two opposite sides of said 
laminar jet with one of said side walls spaced more closely 
to the axis of said passage than the other; and means dis 
posed in said one of said side walls for changing the 
laminar ?ow of said jet to turbulent flow so that the jet 
latches to said one of said side walls when the jet is 
turbulent and does not latch when the jet is laminar, there 
by causing the jet to ?ow to said ?rst receiver when said 
jet is laminar and causing the jet to ?ow to said second 
receiver when said jet is turbulent. 

2. A ?uid ampli?er as recited in claim 1 in which said 
means in said one of said side walls is a piezoelectric 
crystal having one face thereof form part of said side 
wall, and an electrical circuit for applying an AC, sig 
nal to two opposite faces of said crystal other than said 
one face. 

3. A ?uid ampli?er comprising: means for generating a 
laminar ?uid power jet including a passage from whence 
said jet issues, said laminar jet following substantially a 
straight line path; and nonfluid means disposed closely 
adjacent said passage for changing the laminar ?ow of 
said jet to turbulent ?ow; said ampli?er having side walls 
on opposite sides of the path followed by said laminar 
jet issuing from said passage, said side walls being asym 
metrically disposed relative to said jet path with one of 
said side walls spaced closer to the straight line path of 
the laminar jet than the other such that said jet latches 
to said one of said walls only when said jet is turbulent 
and remains unlatched when said jet is laminar. 
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