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The invention herein may be manufactured and used 
by- or for the Government of the‘ United States of Amer 
ica for governmental purposes without the payment to me 
of any royalty thereon. . v V . 

This invention‘relates to ?uid operated systems and, 
more particularly, to circuit elements therein such as 
diodes, time delay means, and pressure dividers. ' 

In ?uid operated systems, the combinationof subsys 
tem circuits often requires additional circuit elements such 
as diodes, time delay means, pressure dividers and the 
like. In this invention, a passive pure ?uid component is 
presented which exhibits diode characteristics in one 
use, is a time delay means when such delay is desired in a 
second use and will act as a pressure divider in a third 
use. The structure of the component provides an im 
pedance to ?ow in one direction therethrough that is sig 
ni?cantly different from the impedance to ?ow in the op 
posite direction thus operating as a diode. The combina 
tion of ori?ces and volume as a circuit constitutes an im 
pedance which provides a phase shift during transient 
?ow and so contributes to the retarding of ?uid ?ow to 
introduce time delay characteristics. The pressure divi 
sion is accomplished as a result of the ratio of ?ow area 
of a ?rst ori?ce and a second ori?ce so that the pressure 
of a chamber therebetween will be a ?xed percentage of the 
pressure in a chamber feeding said ?rst ori?ce for ?ow in 
the direction ?rst ori?ce toward the second ori?ce. 

It is, therefore, an object of this invention to provide a 
component through which ?uid ?ows with relatively low 
impedance in one direction and with a relatively higher 
impedance in the opposite direction. 

Another object of this invention is to provide a ?uid 
operated component which introduces phase shift and time 
delay to ?uid ?ow thereto. 

Still another object of this invention is to provide a 
?uid operated component which is capable of dividing 
by a ?xed ratio the pressure of a ?uid supplied thereto. 
A further object of this invention is to provide a single 

?uid operated component having diode characteristics, 
time delay capabilities and ?uid pressure dividing prop 
erties. 
The speci?c nature of the invention, as well as other 

objects, uses, and advantages thereof, will clearly appear 
from the following description and from the accompany 
ing drawing, in which: 
The single ?gure shows the structure of this invention. 
Brie?y, this invention relies upon the tapering of a ?rst 

conductor into a nozzle in such a manner that a minimum 
of impedance (consistent with available ?ow area) is pre 
sented to the ?uid ?owing through the passage and nozzle. 
The supply nozzle introduces the ?uid into a cylindrical, 
for example, chamber which has a wall perpendicular to 
the nozzle where it issues ?uid into the chamber and the 
downstream wall of the chamber is tapered to a second 
nozzle in such a manner that again minimum of im 
pedance is presented to the ?uid. The second nozzle is 
introduced into a second conductor through an end wall 
that is perpendicular to the second nozzle in the same 
manner that the ?rst nozzle was introduced into the cham 
ber. The nozzle discharge coe?icients for the nozzles are 
di?erent for ?ow in the direction of the ?rst conductor, 
the chamber and the second conductor nozzle discharge 
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2 
coe?icients for the opposite ?uid ?ow in the opposite di 
rection. . 

The single ?gure shows the structure of this invention 
with the entrance conductor 1 being bounded by sides 2 
and tapering at 3 into a nozzle 4 of considerably smaller 
cross section than conductor 1. The relationship between 
the ?ow area of conductor 1 and the interior of nozzle 4 
is in the order of 5:1. The conductor 1 can‘ be tubular 
in cross section or any ‘other desired con?guration. 

' Nozzle 4 introduces the ?uid into a chamber 5. Nozzle 
4 is perpendicular to a side 6 of chamber 5. If chamber 
5 may be chosen to be a cylindrical con?guration, the 
circular generation of sides 7 would provide con?nement 
for the ?uid introduced therein when the remaining .por 
tion of chamber 5 would be tapered as at corners 8 to a 
nozzle 9. The centerline of nozzle 9 is displaced from the 
centerline of nozzle 4 by a distance d. The relationship 
between the opening of nozzle 4 and the side 6 is of even 
greater magnitude than that of the entrance passage and 
nozzle 4. The particular ratio chosen depends upon the 
amount of e?’ectiveness desired. That is, the larger the 
ratio, the larger the impedance to ?ow and the converse 
is true. 
The nozzle 9 enters a third section 10 through side 11 

thereof into a chamber bounded by side 12 which may 
be cylindrical if desired. Chamber 10 can be the con 
necting passage to the rest of the ?uid system requiring 
the device of this invention. 

In the operation of this device, ?uid entering chamber 1 
will encounter less impedance in its ?ow through nozzle 
4, chamber 5, nozzle 9 and chamber 10 than ?uid ?ow 
ing in the opposite direction. That is entering chamber 
10 and ?owing through nozzle 9, chamber 5, nozzle 4 and 
passage 1. This difference in impedance provides the diode 
e?ect of ease of ?ow in one direction and deterrence to 
?ow in the opposite direction. 
The tapering of the ends of the chambers containing 

the ?uid which is moving into a'nozzle and into the next 
chamber offers far less resistance to ?ow than the ?at 
wall with a small hole in it encountered by ?uid ?ow in 
the opposite direction. That is, the nozzle discharge co 
ef?cients are di?erent for the different directions of ?ow 
of ?uids therethrough. 

Nozzles 4 and 9 are offset so that the ?uid will not 
simply continue through the chamber 5 as though it were 
a closed conductor. Turbulence and the associated vor 
tices are present together with the volume of chamber 5 
to provide time delay of a ?uid signal therethrough. 
As a time delay device, it is apparent that time is 

consumed in the passage of a ?uid transient from cham 
ber 1 through the nozzles and chamber 5 into chamber 
10. More time is required during the reverse passage of 
such a ?uid transient. 
As a pressure divider, the ratio of pressure between the 

input and the output is a function of the ratio of sizes 
of the ori?ces in the nozzles. By selecting the size of the 
openings between chambers 1 and 5 and return chamber 
5 and 10 and by operating this circuit such that these ori 
?ces both operate when choked, that is, at the speed of 
sound the pressure in chamber 5 will be a ?xed fraction of 
the pressence in chamber 1 for the steady state condition. 
The pressure in chamber 5 divided by the pressure in 
chamber 1 is equal to a constant for a steady state condi 
tion of a diabatic ?ow. 
As a diode, ‘this unit has a different (lower) resistance 

to ?ow in the direction 1-5-10 than the resistance to ?ow ' 
in the opposite direction 10-5-1. This unit will exhibit a 
higher ?ow in the direction 1-5-10 when an alternating 
pressure is superimposed on a steady state positive pres 
sure (dP), where (dP) equals the difference in pressures 
between chambers 1 and 10 than when the difference 
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pressure is ‘steady state at the same average’value. When 
the positive difference pressure (a'P) equals pressure in 
chamber 10 minus the pressure in chamber 1, the flow 
will be in the direction 10—5-1 and will be of lower am 
plitude than for an equal pressure drop (dP) of opposite 
sense with or without the alternating pressure superim 
posed. ' - 

It will be apparent that the embodiment shown is only 
exemplary and that various modi?cations can be made 
in construction and arrangement within the scope of the 
invention as de?ned in the appended claims. 

I claim as my invention: 
1. A ?uid-operated component comprising a ?uid cham 

ber, a passage for ?uid, a ?rst nozzle for directing ?uid 
under pressure from said ?rst passage into said‘ ?uid 
chamber, a second passage for ?uid, a second nozzle for 
directing ?uid from said ?uid chamber to said second 
passage; the diameters of said nozzles being such that 
sonic flow velocities are maintained'in said ?rst and said 
second nozzles. ‘ ’ . ' 

2. The combination according to‘ claim 1 wherein said 
nozzles are shaped to present a relatively low impedance 
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" to ?ow in a direction from said ?rst passage to ‘said sec 
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0nd passage and a relatively high impedance to ?ow in the 
reverse direction. . 

3. The combination according to claim 1 wherein the 
centerlines of said nozzles are offset by more than the 
diameter of the larger nozzle. 
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