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ABSTRACT OF THE DISCLOSURE 
A ?uidic proximity detector comprises a housing with 

an annular ori?ce from which emerges a generally conical 
jet of air having a tendency to create a low pressure zone 
within the interior of the cone. Inside the housing is a 
conduit through which the air supply reaches the annular 
ori?ce. There is also an output port which is connected 
by means of a hollow tube to sense the reduced pressure 
in the interior of the cone. The connecting tube passes 
through the interior of the supply conduit, and is formed 
with a bleed hole allowing a restricted flow from the sup 
ply conduit to the interior of the connecting tube. This 
restricted ?ow keeps the pressure in the interior of the con 
necting tube at ambient so as to prevent pulling a partial 
vacuum from the output port, and makes the proximity 
detector compatible with ?uid ampli?er devices which 
respond only to positive signal pressures. 

FIELD OF THE INVENTION 

This invention relates generally to ?uidic controls, and 
particularly concerns a proximity detector of the ?uidic 
type. 

THE PRIOR ART 

The development of ?uidic devices to perform sensing 
and control functions began quite a number of years ago, 
but has accelerated in recent years. As is generally known, 
?uidic techniques are applicable to a wide variety of ap 
plications, and have advantages over their electrical coun 
terparts in certain environments. For example, where it 
is necessary to avoid the possibility of sparking in an ex 
plosive atmosphere, or to sense the proximity of objects 
which do not have detectable electrical or magnetic prop 
erties, the use of electrical devices is contra-indicated. For 
such applications, and many others as well, the ?uidic ap 
proach is often chosen. a 
With particular reference to the problem of proximity 

detection, it has been known for some time that a conical 
jet device is particularly well adapted for this applica 
tion. As seen for example in German Pat. No. 879,466 
dated June 15, 1953, this type of device ejects an initially 
cylindrical stream of ?uid which entrains air from the 
interior of the cylinder to create a low pressure zone 
therein. External air pressure causes the cylindrical stream 
to converge about the low pressure zone to form a gen 
erally conical con?guration. When the conical jet is dis 
turbed by the proximity of an object to be sensed, the 
pressure in the interior of the cone rises somewhat above 
its previously reduced level. This pressure rise can be 
detected, by an appropriate means, to indicate the prox 
imity of the object in question. . 

However, a difficulty arises with this type of device when 
it is used in an all-?uidic system. This di?‘iculty is due 
speci?cally to the fact that ?uid ampli?er devices which 
are preferred for connection to a proximity detector of 
this type will not respond to a negative pressure (i.e., 
below ambient) signal. They require a positive (above am 
bient) pressure signal for their operation. 

Attempts have been made in the design of such prox 
imity devices to provide pressure outputs. But these at 
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tempts have incurred a number of disadvantages, such as 
poor sensitivity and an inability to achieve sharp bistable 
operation. In addition, such devices are subject to inac 
cgracies and lack of repeatability introduced by hysteresis 
e ects. 

SUMMARY AND OBJECTS OF THE INVENTION 

In terms, the object of this invention is to provide an 
improved ?uidic proximity detector. More speci?cally, 
the objective is a proximity detector which provides a 
positive pressure signal, but which displays greater sen 
sitivity, more positive response, and superior accuracy 
and repeatability. 
The invention is carried out by providing a detector 

comprising a body having an annular ori?ce for ejecting 
an annular jet of ?uid. Means of the body de?ne an out 
put port for connection to a response device, and further 
means connect the output port to ‘the interior volume of 
the conical jet. Finally, means are provided which supply 
su?icient ?uid to the interior volume of the conical jet 
to prevent drawing ?uid away from the output port, and 
thus to avoid reducing the output pressure below ambient. 

‘ Consequently, when the jet is disturbed by the proximity 
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of an object, the output pressure rises above ambient and 
operates the response device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view, with parts broken 
away and sectioned for clarity of illustratiton, of the prox 
imity detector‘ of this invention showing the ?uid ?ow pat 
tern produced by the device during stand-by operation. 
FIG. 2 is a longitudinal section of the same device 

showing the ?uid ?ow pattern during the detection phase 
of its operation. 
FIG. 3 is a front elevational view of the same detector, 

showing the annular ori?ce and pressure sensing opening 
thereof, and 
FIG. 4 comprises graphs of output pressure versus 

proximity of the detected object for the device of this 
invention and a prior art device. 
The same reference characters refer to the same ele 

ments throughout the several views of the drawing. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An exemplary ?uidic proximity detector 100 embody 
ing this invention includes a generally cylindrical housing 
102 having a generally cylindrical interior cavity. The 
cavty opens through ‘the front face of the housing 102 
to de?ne an exterior ori?ce 104, and within the housing 
the cavity de?nes a supply chamber 106 through which a 
?uid under pressure is supplied to the ori?ce. A passage 
108 extends radially through the wall of the housing 102 
and receives a hose ?tting 110 for the purpose of intro 
ducing the ?uid into the supply conduit 106. Normally 
the ?tting 110 is connected by suitable hoses to a pump 
supplying air under pressure, although there is no limita 
tion on the nature of the ?uid which can be used with 
this device. . 

The ori?ce 104 and supply conduit 106 both have an 
annular geometery by virtue of a connecting tube 112 
which extends axially through the interior of the supply 
conduit 106 and emerges at the center of the ori?ce 104. 
The tube 112 is supported in this position by means of 
a plug body 114 which is received within, and seals 01?, 
the rear of the cavity in the housing 102. In the manufac 
ture of the device 100, the tube 112 is most conveniently 
made integral with the plug body 114. 

Plug body 114 is formed with an output port 116 with 
in which is received a hose ?tting 118 so that the port 
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can be connected to a suitable response device. In most 
cases the response device chosen for this purpose would 
be one of the various types of ?uid ampli?ers. The tube 
112 and plug body 114 have a hollow interior 120 WhlCh 
provides a passage for connecting the output port 116 to 
a region 122 which is just outside the housing 102 and 
circularly bounded by the annular ori?ce 104. . 

In the operation of the detector 100, fluid is supplied 
under pressure through the hose ?tting 110 and radial 
passage 108 to the supply conduit 106 and ori?ce 104, 
both of which annularly surround the connecting tube 
112. As a result, an annularly shaped stream of air 130 
issues from the entire circumference of the ori?ce 104. 
This stream 130 should preferably be turbulent in nature, 
i.e., have a uniform velocity cross-section. In order to pro 
mote such turbulence, the edges 132 and 1.34 of the an 
nular ori?ce 104 are rounded. 
As the jet emerges, it entrains nearby air molecules, an 

e?ect which creates a reduced pressure in the region 122 
surrounded by the jet 130. Ambient air pressure external 
ly surrounding the stream 130 causes it to de?ect inward 
ly, and therefore to converge in the neighborhood of point 
136 to form the generally conical con?guration seen in 
FIG. 1. Consequently the jet 130 encloses a volume in 
the region 122, and effectively seals that volume off from 
the surrounding air. As the entrainment process con 
tinues, therefore, volume 122 becomes an isolated region 
of reduced air pressure. 
The situation illustrated in FIG. 1 is the stand-by con 

dition of the proximity detector 100, which occurs when 
there is no object within detection range. In contrast, FIG. 
2 shows the situation which exists when an object 140 
approaches within detectable proximity to the device 100. 
Under such circumstances the conical stream 130 is dis 
rupted, to a degree dependent upon the distance between 
object 140 and the ori?ce 104. Such disruption causes 
some of the molecules of the conical jet 130 to be de 
?ected into the enclosed volume 122, as indicated by the 
arrows at 142. The evacuating e?ect of the entrainment 
process is partly counterbalanced by the infusion of de 
?ected molecules, and as a result the presence of the ob 
ject 140 is re?ected by a rise in pressure in the enclosed 
volume 122. However the higher pressure level which re 
sults under the circumstances depicted in FIG. 2 is still 
sub-ambient, unless the object 140 comes into actual con 
tact with the ori?ce 104, blocking the escape of the jet 
130 and terminating the entrainment process entirely. 
The pressure rise in the enclosed volume 122 is com 

municated over the hollow interior 120 of connecting tube 
112 and plug body 114 to the output port 116, and thus 
constitutes the output signal to the ?uid ampli?er or other 
responsive device. But since the pressure in volume 122 
does not rise above ambient even when object 140 is in 
proximity, the output is not suf?cient to switch any of 
the various positive pressure responsive types of ?uid am 
pli?ers which would be preferred for this type of appli 
cation. 

There are various reasons why a positive pressure re 
sponsive ?uidic ampli?er would be preferred. One of the 
popular types of ?uid ampli?ers at present is the ?ow 
mode device, in which the power stream is initially lami 
nar but then is driven turbulent by a positive pressure 
signal pulse. This type of device responds only to a posi 
tive pressure signal. 
Another frequently used ?uid ampli?er is the wall at 

tachment device, which depends upon the Coanda effect. 
In this type the power stream can 'be pulled aside by a 
negtive pressure signal pulse as well as pushed by a posi 
tive pulse. But the negative pressure operating mode re 
quires an opposing negative pressure pulse to be applied 
subsequently from the other side of the power stream to 
switch it back again, and that negative pressure switch. 
back pulse causes problems because of its undesirable ef 
feet on the next ?uidic stage. For these reasons it is highly 
desirable that a positive pressure responsive ?uid ampli 
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?er be connected to respond to the proximity detector 100. 
Accordingly, it is necessary to derive a positive pressure 
signal output from that device. 
The prior art has experimented with a number of ap 

proaches to the problem of obtaining a positive pressure 
output from conical jet proximity detectors, but none of 
these has proved satisfactory. One solution is to isolate 
the ?uid ampli?er within a chamber where a local environ 
ment of reduced pressure is maintained. Then the output 
signal coming from the proximity detector, although sub 
atmospheric, is positive relative to the level prevailing in 
side the isolation chamber. This approach is expensive be 
cause of the need for an isolation chamber and the addi 
tional apparatus necessary to maintain a reduced pressure 
therein. It also entails a high level of ?uid power con 
sumption. 
Another approach is the provision of a small Pitot-type 

tube just outside the external boundary of the conical jet 
130, which senses ambient pressure when the jet is undis 
turbed as in FIG. 1, but picks up ?uid molecules scattered 
from the jet when the latter is disturbed and distorted as 
in FIG. 2, resulting in a positive pressure pulse which 
travels through the Pitot-type tube. The unsatisfactory re 
sults achieved with this approach are graphically illus— 
trated in FIG. 4, where curve 150 shows the results of 
actual tests with this type of device. In this graph the 
ordinate P0 is output pressure measured in inches of wa 
ter, the zero level being ambient (local atmospheric) pres 
sure. The abscissa is the sensing distance d in inches be 
tween the object 140 and the ori?ce 104 as depicted in 
FIG. 2. , 

Part 150.1 of curve 150 indicates that as the object 140 
approaches the ori?ce 104, the output pressure Po rises 
above ambient at a distance d of about one inch. After a 
short rise, the curve assumes a rather gradual rise angle, 
then tops out at a pressure of about 3 inches, and subse 
quently tails off to a lower value. The rise from zero to 
maximum pressure level takes place over a fairly long 
approach range from one inch away to about zV10 of an 
inch away. Thus the device does not achieve a sharp digi 
tal switching characteristic from fully off to fully on 
within a narrow approach range. In addition, the sensi~ 
tivity of the device is low since the maximmn output pres 
sure is only three inches of water. 

Moreover, as indicated by the arrowheads 152, as the 
object 140 is withdrawn the output pressure declines 
along a different path 150.2. In other words, the prior 
art device in question has a hysteresis characteristic rep 
resented by the volume between the curves 150.1 and 
150.2. This is disadvantageous because if the prior art 
device is retriggered after starting to retrace down the 
curve 150.2, then the detection process begins from a 
point which is not on the normal rise curve 150.1. The 
result is an atypical triggering operation, which means 
that the device is not repeatable under all operating con 
ditions. 
To solve this problem in accordance with the present 

invention, a bleed hole 160 extends through the wall of 
the connecting tube 112 so that the annular supply con 
duit 106 communicates with thhe connecting tube interior 
1120. The dimensions of the bleed hole 160 are chosen in 
relation to the supply pressure existing in the conduit 
106 so that when the object 140 is out of detectable range 
the ?uid ?ow equals and thus balances the rate of evacua 
tion of air molecules from the enclosed volume 122 due 
to entrainment. 0n the other hand, the bleed hole 160 
must provide enough of a ?uid restriction so that the pres 
sure in the enclosed volume 122 does not quite reach 
ambient, because that would reopen the converged conical 
jet 130 and interfere with the proximity detection func 
tion. 

> If the ?uid ?ow rate through the bleed hole 160 is 
just su?icient to balance the entrainment losses under 
stand-by conditions, a dynamic equilibrium is maintained 
and the pressure inside the enclosed volume 122 remains 
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near ambient. The enclosed volume 122 must draw ?uid 
molecules from some source to replace those lost by 
entrainment. If it is allowed to draw those molecules 
from the opposite end of the connecting passageway 120‘, 
then it pulls a partial vacuum from the output port 116 
and imparts a negative pressure to the ?uid ampli?er 
response device. According to the present invention it 
draws those molecules instead from the bleed hole 160 
through the forward end of the connecting passage 120. 
As a result, a near ambient pressure level exists within 
the enclosed volume 122. ‘‘ 
Ambient pressure prevails at the intersection of the 

bleed hole 160 and passage 120, the slight pressure differ 
ence being just suf?cient to produce a ?uid ;?ow from 
the bleed hole 160 through the forward portion of pass 
age 120 to volume 122, which numerically equals the en 
trainment rate. The pressure in the rear portion of the 
‘passage 120 and at the output port 116 is ambient, and 
this lack of a pressure differential means there is no 
?uid?ow in this region under stand-by conditions. 

Under detection conditions as illustrated in FIG. 2, 
once again the object 140 raises the pressure in the en 
closed volume 122. But with the device of this invention, 
instead of increasing from a relatively low sub-ambient 
level toa somewhat higher sub-ambient level,‘the pres 
sure in volume 122 increases from near ambient to above 
ambient. This pressure increase is transmitted: along the 
connecting passageway 120 to the output port 116 to 
provide a positive (above ambient) pressure pulse for 
switching the responsive ?uid ampli?er device. 
Looking at the detection situation from a‘?uid ?ow 

point of view rather than a pressure point of ‘view, the 
?ow through the bleed hole 160 is balanced by entrain 
ment of molecules from the enclosed volume 122 only 
under stand~by conditions as illustrated in FIG.‘ 1. Under 
proximity conditions as illustrated in FIG. 2‘, the ?ow 
through the bleed hole 160 is excessive, causing an above 
ambient pressure condition at the intersectioni‘of bleed 
hole 160 and passage 120, which diverts the excess ?ow 
along the rear portion of passage 120‘ and through the 
output port 116 to switch the responsive ?uid ampli?er 
device. 

In FIG. 4 curve 170‘ provides an instructive comparison 
between the results achieved with the device of this inven 
tion and those of the prior art. Note that there is no 
response at all until the sensed object 140 comes within 
a distance d of about 3A0 of an inch. Then, within a nar 
row approach range of between 3/10 of an inch and 1A0 
of an inch the output pressure rises very suddenly and 
steeply to an output level exceeding the maximum of 
the prior art curve 150. At distances of less than‘;1/i0 of an 
inch, the output continues to rise steeply to levels ap 
proaching twice the maximum of the prior art curve 
150. Accordingly, there is a much more distinct switch 
from off to on, and the device is also far more sensitive 
in that it supplies a much higher output for a given 
approach distance once ‘the sensed object 140 comes 
within detection range. The return curve traced as the 
object 140 is withdrawn is identical with thettriggering 
curve, i.e., there is no hysteresis, and no possibility of 
atypical operation upon sudden return of the sensed 
object. ‘ ‘ 

It will therefore be appreciated that the present device 
‘ provides a positive pressure output, which is preferable 
for operating *various types of ?uid ampli?er ‘devices, 
and does so with the additional advantages of greater de 
tection sensitivity and more positive response. addi 
tion, the device has no hysteresis effect, resulting in re‘ 
peatability of operation under all conditions. ‘ 

Since the foregoing description and drawings are merely 
illustrative, the scope of protection of the invention has 
been more stated in the following claims; and these should 
be liberally interpreted soas to obtain the bene?t of all 
equivalentsto which the invention is fairly entitled. 
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6 
The‘ invention claimed is: 
1. A high sensitivity ?uidic proximity detector compris 

mg: 
a housing having an‘annular ori?ce for ejecting a jet 

of ?uid which encloses and entrains ?uid from a 
volume to reduce the level of pressure in said volume, 
said pressure rising above said reduced level when 
said jet is disturbed by the proximity of a body to 
be detected; , 

'means in said housing de?ning an output port for con 
nection to a pressure responsive device; 

means connecting said output port to said enclosed 
volume for the pressure therein to control said re 
sponsive device; \ 

means‘ for supplying su?icient‘ ?uid ‘to said enclosed 
volume to prevent drawing ?uid from said output port 
whereby to avoid reducing the pressure at said output 
port substantially below ambient; 

said ?uid supply means regulating the rate of ?uid ?ow 
into said enclosed‘ volume substantially to equal the 
rate of said entrainment, said ?uid supply means pro 

‘ vid-ing ?uid under pressure to said annular ori?ce 
and including restricted means for bleeding a limited 
portion of said ‘fluid into said enclosed volume; 

said ?uid supply means further comprising a conduit 
located within said housing and leading to said annu 
lar ori?ce; ‘ i 

said connecting means comprising ‘a tube extending 
through the interior of said supply conduit, and 
opening through the exterior surface of said housing 
within the area bounded by said annular ori?ce, said 
connecting tube including a wall separating the inter 
ior of said tube from said conduit: and 

said bleed means comprising a hole extending through 
said connecting tube wall ‘to allow said ?uid under 
pressure to pass from said supply conduit into con 
necting tube, the dimensions of said bleed hole being 
such that the ?uid ?ow impedance thereof permits a 
rate of ?uid ?ow therethrough su?icient to maintain 
substantially ambient pressure within said connecting 
tube between said bleed hole and said output port. 

2. A detector as in claim 1 wherein: 
said housing forms an annular outer boundary of said 

supply conduit and ori?ce; 
and the exterior of said connecting tube wall forms an 

annular inner boundary of said conduit and ori?ce. 
3. A detector as in claim 1 wherein: 
said housing is formed with a generally cylindrical sup 

ply conduit cavity, and a passage extending through 
the wall of said housing to connect a pump to said 
cavity; ' 

said cavity opens through a front face of said housing 
to form said ori?ce; 

.said cavity opens also through a rear face of said hous 
to permit said connecting tube to be inserted there 
into; 

and a plug body is received within said rear cavity 
opening; 

said connecting tube being secured to, and extending 
forwardly from, said plug body. 

4. A detector as in claim 1 further comprising: 
a passage extending through said plug body from said 

output port to the interior of said connecting tube. 
5. A high sensitivity ?uidic proximity detector com 

prising: 
a housing; 
an annular ori?ce emerging from housing; 
a supply conduit within said housing leading to said 

‘annular ori?ce; 
means of said housing de?ning an output port; 
a passage within said housing connecting said output 

port to the exterior of said housing at a location within 
the area bounded by said annular ori?ce; 
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said connecting passage being bounded by a wall sepa 

rating the interior of said passage from said supply 
conduit; 

and a ‘bled hole extending through said wall to permit a 
restricted ?ow of ?uid from said conduit into said 
passage. 

6. A detector as in claim 5 wherein: 
said supply conduit comprises a generally cylindrical 

cavity formed in said housing; 
said cavity opens through one face of said housing 

to define said annular ori?ce; 
said output port means comprises an auxiliary body 
formed with a port opening and secured to said hous 
ing; I _ 

said connecting’passage and bounding wall comprise a 
hollow tube - extending from said auxiliary body 
through said cavity and emerging therefrom within 
the bounds of said annular ori?ce; 

the hollow-interior of said tube communicates at one end 
with said output port and at the other end with a 
region outside‘said housing and bounded by said an 
nular ori?ce; I Y 

and said bleed hole passes through the wall of said tube 
and connects ‘said hollow interior thereof with said 
cavity." ' 

7. A high sensitivity ?uidic proximity detector com 
prising: I v , 

.a housing having an annular ori?ce for ejecting a jet 
of ?uid which encloses and entrains .?uid from a vol 
ume to reduce the level of pressure in said volume, 
said pressure rising above said reduced level when said 
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' jet is disturbed by the proximity of a body to be 
detected; 

supply means for supplying ?uid under pressure to said 
housing and said ori?ce; 

means in said housing de?ning an output port for con 
nect-ion to a pressure responsive device; 

means connecting said output port to said enclosed 
volume so that the pressure therein may control said 
responsive device; 

and conduit means coupled between said supply means 
and said connecting means for supplying su?icient 
"?uid-‘to said enclosed volume to prevent drawing ?uid 
from said output port whereby to avoid reducing the 
pressure at said output port substantially below 
ambient. ' 

8. Apparatus as de?ned by claim 7 wherein said conduit 
means is disposed within said housing. 

9. Apparatus as de?ned by claim 8 wherein said con 
necting means comprises a tubular member and wherein 
said conduit means includes an aperture formed in the wall 
of said tubular member. 
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