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[57] ABSTRACT 
A ?uid [Flow Restrictor] ?ow restrictor especially 
suitable for reducing the pressure of gases or liquids is 
described. The restrictor comprises a series of rows of 
baffles placed in the path of fluid ?ow, with the baffles 
in succeeding rows staggered with respect to those in 
adjacent rows so that as the ?uid flows, it is constrained 
to change its direction repeatedly. The restrictor is 
preferably constructed with an increasing cross sec 
tional area along the direction of ?ow. One suitable 
physical construction comprises a plurality of thin cir 
cular plates with a central bore, arranged in a stack. 
Each plate has a baffle pattern formed on one or both 
sides, for example, by etching. Fluid flow is from the 
central bore, between adjacent plates, to the circumfer 
ence of the stack. 

12 Claims, 8 Drawing Figures 
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FLUID FLOW RESTRICI‘OR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

FIELD OF THE INVENTION 

This invention relates to ?uid flow restrictors for 
reducing the pressure of either a liquid or a gaseous 
?uid. 

BACKGROUND OF THE INVENTION 

In the art of hydraulics, it is often necessary to reduce 
the pressure of a ?uid, such as steam or oil, from a high 
value, which may exist in a source of supply, to a lower 
value, for use in a load device. One common type of 
restrictor for this purpose is simply a single sharp edged 
ori?ce. Such a restrictor reduces the pressure, but does 
so by generating very high ?uid velocities. These high 
velocities in turn cause rapid erosion of the ori?ce edges 
and, what is even more important in some cases, causes 
intolerable high noise levels. 

Another kind of restrictor comprises many long, 
narrow passageways such as a number of small tubes 
bound together or a number of long holes drilled in a 
block of metal. Such restrictors have been used success 
fully but, among other disadvantages, they are expen 
sive to manufacture. 
Another kind of restrictor is the simple tortuous path 

restrictor in which the ?uid is forced to ?ow through 
one or more sinuous paths thereby generating friction 
which reduces the pressure. One disadvantage of such a 
restrictor is that the reduction in pressure varies greatly 

- with the viscosity of the ?uid. 
Another kind of restrictor which has been known in 

the past is the matrix restrictor in which the ?uid is 
passed through a porous matrix, thereby reducing pres 
sure by friction. One dif?culty with such a restrictor is 
that the extremely small passages required tend to be 
come plugged due to the contamination inherent in any 
working ?uid. If larger passages are used, the restrictor 
becomes very bulky. 

OBJECTS OF THE INVENTION 

It is a general object of the present invention to pro 
vide an improved ?uid ?ow restrictor. 
Another object of the invention is to provide a ?uid 

?ow restrictor which is very quiet in operation. 
Another object of the invention is to provide a ?uid 

?ow restrictor which is easy to manufacture. 
Another object of the invention is to provide a ?uid 

?ow restrictor in which the reduction in pressure does 
not vary greatly with the viscosity of the working ?uid. 

SUMMARY OF THE INVENTION 

Brie?y stated, in a restrictor in accordance with the 
invention, many rows of baf?es are arranged in the path 
of ?uid ?ow. The baf?es in succeeding rows are stag 
gered with respect to each other. As the ?uid encoun 
ters a baf?e in the ?rst row, it is de?ected to each side 
and ?ows between adjacent baf?es toward the next 
row. The stream then encounters approximately the 
middle of a baf?e in the second row and again is de 
?ected to either side. Each stream so divided encoun 
ters a stream ?owing in the opposite direction and the 
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2 
two combine and ?ow between adjacent baf?es of the 
second row to the third. This process continues, and the 
pressure is reduced by friction with the walls and by the 
frequent changes in direction. The restrictor is prefera 
bly designed with an increasing ?ow area along the 
direction of ?ow, especially for, use with compressible 
?uids such as gases, and such a construction is desirable 
even for use with incompressible ?uids such as oil and 
water. 

DETAILED DESCRIPTION OF PREFERRED I 
EMBODIMENT ' , V 

For a clearer understanding of the invention, refer- . 
ence may be made to the following detailed description 
and the accompanying drawing in which: 
FIG. 1 is a pictorial schematic view illustrating the 

principles of the invention; 
FIG. 2 is a pictorial schematic view showing a re 

strictor with a ?ow area which increases in the direc 
tion of ?ow; ' . 

FIG. 3 is a pictorial schematic diagram illustrating a 
radial ?ow restrictor; 
FIG. 4 is a pictorial view of a restrictor comprising a 

stack of plates each having a baf?e pattern; 
FIG. Sis a fragmentary schematic view of one of the 

plates of the restrictor of FIG. 4; 
FIG. 6 is a cross sectional view taken along the lines 

6-6 of FIG. 5; 
FIG. 7 is a fragmentary view of one of the plates 

drawn with a larger scale; and 
FIG. 8 is a cross sectional view of an alternative form 

of a plate. 
Referring ?rst to FIG. 1, there is shown schemati 

cally a ?ow path for ?uid de?ned by a lower plate 21, 
an upper plate 22, and two side plates one of which, the 
plate 23, is shown in FIG. 1. Fluid ?ows in an upward 
direction and to the right as viewed in FIG. 1. 
A plurality of baf?es are arranged in rows which are 

transverse to the direction of the ?ow path. Baf?es 25, 
26, 27 and 28, are arranged in the ?rst row while baf?es 
31, 32, 33 and 34 are arranged in the second row. Each 
of the baf?es is essentially a rectangular parallelepiped 
and has a height which extends the entire distance be 
tween the upper surface of the plate 21 and the lower 
surface of the plate 22. The baf?es in each row are 
spaced apart so as to allow a passageway between adja 
cent baf?es for the flow of ?uid. Similarly, the rows of 
baf?es are also spaced apart so as to allow room for the 
?ow of ?uid between the rows. The baf?es in succeed 
ing rows are staggered in position relative to those in 
the next preceding row. That is, the baf?es in each row 
are positioned so that ?uid ?owing between adjacent 
baf?es in the preceding row will strike approximately 
the center of the baf?e and be divided into two streams 
each of which will ?ow in a direction approximately 
ninety. degrees to its former direction and the two 
streams so divided will ?ow in opposite directions. For 
example, ?uid entering the restrictor will ?ow between 
baf?es 26 and 27 in the ?rst row and will encounter 
approximately the middle of baf?e 32 in the second 
row. There the stream will divide, part of it ?owing to 
the left as shown in FIG. 1 and the other part ?owing to 
the right as shown in FIG. 1 both approximately paral 
lel to the direction of the rows. Similarly, ?uid ?owing 
between baf?es 27 and 28 will be diverted or de?ected 
by the baf?e 33 and divided into two streams ?owing in 
opposite directions. The portion of the stream ?owing 
to the right adjacent to the baf?e 32 will meet the por 
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tion of the stream ?owing to the left adjacent to the 
baf?e 33. These two streams will join and ?ow through 
the space between the baf?es 32 and 33. Similar divid 
ing and joining of streams will occur between the other 
baf?es of the ?rst and second rows and also will occur 
between the remaining rows of baf?es throughout the 
restrictor. As the ?uid ?ows through [its] the restric 
tor, its pressure is reduced both by friction and by the 
frequent changes of direction. 

It is to be noted that the inlet to the restrictor, that is, 
the lower portion as viewed in FIG. 1, presents a plural 
ity of ?ow paths to the entering ?uid. These are parallel 
paths, not so much in the geometric sense as in the sense 
that a portion of the total ?ow passes through each 
simultaneously. More speci?cally, these paths are the 
passageways between adjacent baf?es such as between 
baf?es 25 and 26, between baf?es 26 and 27 and be 
tween baf?es 27 and 28. As the ?uid ?ows toward the 
outlet (at the top as viewed in FIG. 1), it encounters 
additional parallel paths which are in series with the 
previously traversed paths. These paths include the 
passageways between rows as well as the passageways 
between adjacent baf?es. This arrangement of paths, 
along with the division'of the streams, the change of 
direction and the joining of streams, as described above, 
has been found to be very effective in reducing pressure 
without generating excessive noise. There is not suffi 
cient pressure drop across any one passageway to pro 
duce noise, cavitation or erosion. The minute turbu 
lence involved is quickly dissipated in shear losses in the 
?uid, that is, in heating the ?uid. 

Referring now to FIG. 2 there is shown an expanding 
restrictor, that is, one in which the cross sectional ?ow 
area in the direction of ?ow gradually increases. In 
other words, the total of the cross section areas of all of 
the streams at any given distance from the inlet to the 
device will be dependent upon and, in fact, will increase 
with, the distance from the inlet as measured along the 
direction of the ?ow of ?uid. In FIG. 2, the flow path 
is de?ned by a lower plate 41, an upper plate 42, and 
two side plates 43 and 44. A plurality of baf?es 45 are 
arranged in the ?uid ?ow path in much the same way as 
they are in the embodiment of FIG. 1. The sides 43 and 
44 diverge in the direction of flow so that there is a 
greater cross sectional area between the plates as the 
distance from the inlet increases. If the baf?es are all the 
same size and shape and are spaced by the same amount, 
both laterally and in the direction of ?uid flow, then the 
total cross sectional area available for the ?ow of ?uid 
will increase as the distance from the inlet increases. 
This feature, an increasing ?ow area, is very important 
if the restrictor is to be used for a compressible ?uid 
such as steam because, as the pressure decreases, the 
volume of such a ?uid increases and there must be more 
volume available to accommodate it. However, this 
type of . construction is also advantageous for use with 
incompressible ?uids such as water and oil because, 
among other things, it allows a low exit velocity which 
is conducive to low noise operation. 

Referring now to FIG. 3, there is shown a radial 
restrictor pattern. This restrictor is made up of a lower 
plate 51 and an upper plate 52 each formed with a cen 
tral aperture and spaced apart by a plurality of baf?es 
53. Fluid ?ows between the plates from the central 
aperture radially outward. Each one of the baffles may 
be a simple rectangular parallelepiped as in the FIG. 1 
and FIG. 2 but preferably is slightly curved as shown. 
The various baf?es are arranged in rows, as before, 
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4 
except that each row is circular rather than straight. 
The innermost row of baf?es should, of course, have 
the greatest curvature and the curvature should de 
crease as the distance from the bore increases. 

Referring now to FIGS. 4, 5, 6, and 7, there is shown 
a preferred form of construction for a restrictor in ac 
cordance with the present invention. As best shown in 
FIG. 4, the restrictor comprises a plurality of thin circu 
lar [paths] plates, each formed with a central circular 
aperture. Each plate is formed with (or has affixed 
thereto) a plurality of protuberances 62 constituting 
baf?es similar to those shown in FIGS. 1, 2, and 3 and 
similarly positioned. The rows of baf?es are circular in 
shape and are arranged in concentric rings. The plates 
are stacked, as shown in FIG. 4, and the ?uid ?ows 
between the plates from the central aperture outward to 
the edge. It has been found convenient and economical 
to form the baf?es by well known etching techniques. It 
is preferred that each plate be formed with baf?es on 
but one side, as shown in FIG. 6. Then a plurality of 
identical plates can be stacked one on another with the 
?at side of one plate against the baf?es on the other. 
The stack is finished with a plain ?at plate covering the 
last baf?ed plate. FIG. 7 shows in more detail a sector 
of a plate which has been found very satisfactory. 
Although it is preferred at present to have baf?es on 

only one side, it is, of course, possible to form the plates 
with baf?es on both sides as shown in FIG. 8, wherein 
is shown a plate 61a formed with baf?es 62a on one side 
and baf?es 62b on the other side. Then it is either neces 
sary to be very careful of the registration of one plate 
upon another or alternatively it is necessary to alternate 
baf?ed plates with thin ?at plates having no baf?es. 

In each of the illustrated embodiments of the inven 
tion, the baf?es may be identical or they may be of 
different sizes and shapes. Similarly, the spaces between 
rows of baf?es may be the same or may be different 
from row to row and likewise the spaces left between 
adjacent baf?es may be the same throughout the restric 
tor or may be different in different places. The impor 
tant consideration is that the size, shape and number of 
baf?es be selected along with the spaces between adja 
cent baf?es and the spaces between adjacent rows so 
that the cross sectional ?ow area does not decrease 
substantially in the direction of flow. Indeed, it is pre 
ferred at present that this cross sectional area increase as 
the distance from the inlet increases. When the restric 
tor is used with a gaseous ?uid, such construction al 
lows the ?uid to expand as its pressure is reduced. When 
used with an incompressible ?uid such as water or oil, 
the increasing area allows the velocity of the ?uid to 
decrease thereby reducing the noise emitted. 

Restrictors in accordance with the present invention 
are useful in both piston and rolling ball type servo 
valves where it is desired to incorporate a restrictor into 
one or more'of the ports. Such restn'ctors are also useful 
in ordinary pressure reducing valves. In both cases the 
construction shown in FIGS. 4—7 is preferred at pres 
ent. In the case of the valve, a plug of one kind or an 
other can be moved axially along the bore so as to vary 
the number of passageways open to the ?ow of ?uid 
and thereby vary the pressure reduction. However, the 
restrictor is not limited to such uses and may be used 
wherever it is desirable to decrease the pressure of a 
?owing ?uid. . 

Although some preferred embodiments of the inven 
tion have been described in considerable detail for illus 
trative purposes, many modifications will occur to 
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those skilled in the art. It is therefore desired that the 
protection afforded by Letters Patent be limited only by 
the true scope of the appended claims. 

[I] We claim: 
1. A low noise level restrictor having an inlet for inser 

tion in a ?uid path for controlling the ?ow of ?uid 
therethrough, comprising, 

a plurality of spaced apart parallel impervious plates, 
means for constraining ?uid to ?ow between adjacent 

plates, and 
a plurality of unconnected baf?es between said plates, 

each in engagement with both facing surfaces of 
adjacent plates and arranged in rows transverse to 
the general direction of ?uid ?ow, undeviating 
spaces between adjacent rows and spaces between 
adjacent baf?es in each row as to define transverse 
passageways between rows and substantially 
straight longitudinal passageways between adja 
cent baf?es in each row interconnecting adjacent 
transverse passageways, 

the baf?es in succeeding rows being positioned so as 
to divide the ?ow arriving from the spaces between 
adjacent baf?es of the preceding row [.1 

said restrictor having a ?rst row of baf?es at said inlet 
de?ning a ?rst longitudinal set of passageways having 
a ?rst total cross-sectional ?ow area and each suc 
ceeding row of longitudinal passageways having a 
total cross-sectional ?ow area greater than the cross 
sectional ?ow area of the preceding row, such that the 
total cross-sectional ?ow area of said longitudinal 
passageways between said baf?es at any given distance 
from said inlet increases with the distance from the 
inlet as measured along the direction of?ow of ?uid 
so as to reduce the noise level caused by the insertion 
of said restrictor into said ?uid path. 

[2. A restrictor in accordance with claim 1 in which 
the sizes, shapes and numbers of said baf?es are selected 
and said baf?es are positioned so that the cross sectional 
?ow area does not decrease in the direction of ?ow.] 

[3. A restrictor in accordance with claim 1 in which 
the sizes, shapes and numbers of said baf?es are selected 
and said baf?es are positioned so that the cross sectional 
?ow area remains substantially constant along the direc 
tion of ?ow.] 

[4. A restrictor in accordance with claim 1 in which 
the sizes, shapes and numbers of said baf?es are selected 
and said baf?es are positioned so that the cross sectional 
?ow area increases in the direction of ?ow.] 

5. A restrictor in accordance with claim 1 in which 
said baf?es are positioned so that a stream of ?uid pass 
ing between adjacent baf?es of one row encounters a 
baf?e in a succeeding row and is thereby constrained to 
change its direction of ?ow. 

6. A restrictor in accordance with claim 1 in which 
said baf?es are positioned to de?ne a plurality of series 
and parallel ?ow paths. 

7. A restrictor in accordance with claim 1 in which 
said baf?es are positioned so that a stream of ?uid en 
countering a baf?e is divided into two streams which 
then ?ow in opposite directions, each at approximately 
ninety degrees to its former direction. 

8. A restrictor in accordance with claim 1 in which 
said baf?es are positioned so as to divide a ?uid stream 
striking it into two streams ?owing in opposite direc 
tions approximately parallel to said rows. 

9; A restrictor in accordance with claim 8 in which 
said baf?es are positioned so that said streams ?owing 
parallel to said rows encounter and join oppositely 
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6 
?owing streams in turning and ?owing between baf?es 
of the next succeeding row. 

10. A low noise level restrictor for insertion in a ?uid 
?ow path for controlling the ?ow of ?uid therethrough, 
comprising, 

a plurality of thin plates [assembled into a stack], 
each of said plates being formed with a central aper 

ture, 
said plates being assembled into a stack with said aper 

tures aligned and constituting a ?uid inlet, 
each of said plates also being formed with a plurality 

of unconnected baf?es on at least one side thereof, 
said baf?es being arranged in concentric-rows about 

said central aperture with uniform annular spaces 
between rows and radial spaces between adjacent 
baf?es in each row as to de?ne circular passage 
ways between rows and substantially straight ra 
dial passageways between adjacent baf?es in each 
row interconnecting adjacent circular passage 
ways, 

whereby ?uid entering said ?uid inlet ?ows between 
adjacent plates and encounters said baf?es which 
divide the flow and de?ne a plurality of paths along 
the surfaces of said plates between baf?es intercon 
necting said central aperture with the outside 
edge [. ] , 

said restrictor having a ?rst row of ba?les at said inlet 
de?ning a ?rst radial set of passageways having a ?rst 
total cross-sectional ?ow area and each succeeding 
row of radial passageways having a total cross-sec 
tional ?ow area ‘greater than the total cross-sectional 
?ow area of the preceding row, such that the total 
cross-sectional ?ow area of said radial passageways 
between said baf?es at any given distance from the 
inlet increases with distance from the inlet as mea 
sured along the direction of the ?ow of ?uid so as to 
reduce the noise level caused by the insertion of said 
restrictor into said ?uid ?ow path. 

11. A restrictor in accordance with claim 10 in which 
said plates are formed with baf?es on but one side 
thereof and in which said stack includes one plate with 
out baf?es. 

12. A restrictor in accordance with claim 10 in which 
said plates are formed with baf?es on both sides and said 
stack includes a plurality of plates without baf?es alter 
nating with said plates with baffles. 

13. A restrictor in accordance with claim 10 in which 
said baf?es are positioned to de?ne a plurality of series 
and parallel paths between said central aperture and 
said outside edge. 

14. A restrictor in accordance with claim 10 in which 
said plates and said aperture are circular and in which 
said baf?es are positioned so that ?uid ?owing between 
adjacent baf?es in a row strikes and is de?ected by a 
ba?le in the next succeeding row. 

[15. A restrictor in accordance with claim 14 in 
which the sizes, shapes and numbers of said baf?es are 
selected and said baf?es are positioned so that the cross 
sectional flow area increases with radial distance from 
the center of said plates] 

16. A low noise restrictor for insertion in a fluid flow 
path for reducing the pressure of a ?uid ?owing there 
through, comprising, 

a plurality of thin, circular plates, each formed with a 
circular, central aperture, 

said plates being assembled into a stack with said aper 
tures aligned and constituting a ?uid inlet, 
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each of said plates being smooth out one side and 
formed with a plurality of unconnected baffles on 
the other side so arranged in concentric circular 
rings with a continuous annular space between 
adjacent rings and radial spaces [and] between 
adjacent baffles in each ring for the flow of ?uid as 
to de?ne concentric circular passageways between 
rows and substantially straight radial passageways 
between adjacent baffles in each row connecting 
adjacent circular passageways, 

the baffles in each ring being positioned so that fluid 
entering said inlet and ?owing radially outwardly 
between adjacent baffles strikes a baf?e in the next 
succeeding ring and is divided thereby [.1 

said restrictor having a ?rst row of baffles at said inlet 
de?ning a ?rst radial set of passageways having a ?rst 
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total cross-sectional ?ow area and each succeeding 
row of radial passageways having a total cross-sec 
tional?ow area greater than the total cross-sectional 
?ow area of the preceding now, such that the total 
cross-sectional flow area of said radial passageways 
between said ba?les at any given distance from said 
inlet increases with the distance from the inlet as 
measured along the direction of flow of ?uid, so as to 
reduce the noise level caused by the insertion of said 
restrictor into said ?uid ?ow path. 

[17. A restrictor in accordance with claim 16 in 
which the sizes, shapes and number of said baf?es are 
selected and said baf?es are positioned so that the cross 
sectional flow area increases with the radial distance 
from the center of said stack] 

* i i * i 


