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[5 7 ] ABSTRACT 
A multiple stage restrictor is characterized by a plural 
ity of stacked plates, the proximate surface of at least 
one of each pair of adjacent plates in the stack being 
provided with an arrangement of recesses such as to 
provide a plurality of alternate zones of relatively in 
creased and relatively decreased velocity de?ning 
flow~restricting passages through which the ?uid 
flows. 

5 Claims, 11 Drawing Figures 
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MULTIPLE STAGE RESTRICTOR 

This is a continuation-in-part of my previous applica 
tion Ser. No. 183,099, ?led Sept. 23, 1971, now aban 
doned. 
This invention relates to ?uid ?ow control and, more 

particularly, to a restrictor for dissipating energy when 
used torelease a high pressure ?uid. 
Conventional ?ow control valves employ a single re 

striction to control the ?uid ?ow rate. The velocity 
within this restriction is a function of the pressure dif 
ferential on the upstream and downstream sides of the 
valve. Where the pressure differential is large, the high 
velocity created within the device can be detrimental. 
For example, in liquid systems the resulting high veloci 
ties can produce cavitation. This occurs when the pres 
sure at the Vena Contracta falls below the vapor pres 
sure of the liquid, producing vapor bubbles and subse 
quent collapse of the bubbles as they enter the rela 
tively higher downstream pressure region. The collapse 
of these bubbles within the restriction device causes 
physical damage to the parts through errosion and 
thereby shortens the useful life of the device. In gas or 
vapor systems, the high velocities produced by a single 
stage restriction cause a high degree of turbulence and 
the associated problems of noise. Where the pressure 
differential across the device is equal to or greater than 
the critical pressure ratio of the gas or vapor, sonic ve 
locity occurs at the Vena Contracta and a shock wave 
is produced downstream of the restriction which causes 
additional turbulence and noise. 

Flow-restricting devices have been proposed hereto 
fore such, for example, as those disclosed in US. Pat. 
Nos. 3,197,483, 3,451,404, 3,485,474 and 3,513,864. 
In the ?rst two of these patents, the restrictors in the 
valve comprise a bundle of small diameter conduits and 
control is obtained by exposing more or less of the 
number of these single-stage restrictive ?ow conduits 
to the path of ?uid ?ow. In the third patent, the restric 
tion takes place sidewise in a conical path where the 
spacing between each of the restriction steps is uni 
formly varied to control the total restriction and ?ow. 
In an emulsi?er disclosed in U.S. Pat. No. 973,328, a 
stack of annular plates is assembled wherein each plate 
is provided with alternate sets of radial and circumfer 
ential grooves wherein the cross-sectional area of all 
grooves is identical in the path of ?uid ?ow there 
through. 

I have now devised a simple ?uid ?ow restrictor that 
is characterized by a plurality of multiple stage restric 
tions which can be produced inexpensively and which 
can readily be replaced when necessary. The multiple 
stage restrictor of the present invention is adapted to be 
positioned in the path of ?ow of a ?uid through a con 
?ning passage and comprises a stack of superimposed 
?ow-restriction plates, each of the superimposed plates 
being provided in one surface thereof with a plurality 
of recesses which, in cooperation with the proximal 
surface of an adjacent superimposed plate, provides in 
the direction of said interface a plurality of communi 
cating passages of alternately relatively small and rela 
tively large cross-sectional areas so as to de?ne a path 
of ?ow for ?uid characterized by repeatedly alternate 
zones of relatively increased and relatively decreased 
velocity respectively. Baf?e means are connected to 
both ends of the stack of plates and are adapted to 
close the con?ning passage except for ?ow of ?uid 
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2 
through the stack of plates from one edge thereof to the 
other. In one speci?c embodiment of the invention, one 
of the superimposed plates is provided with at least one 
pair of spaced recesses in one surface thereof of which 
one of these recesses communicates with one edge of 
the plate and the other of said recesses communicates 
with the other edge of the plate, and another one of the 
superimposed plates is provided with at least one recess 
positioned intermediate its edges in the surface thereof 
adjacent the recess-provided surface of the ?rst 
mentioned plate. This intermediate recess in this em 
bodiment of the invention extends a sufficient distance 
to partially overlap and thus communicate with the pair 
of recesses in the ?rst-mentioned plate when the plates 
are positioned with these two surfaces in contact with 
one another. The resulting overlapping of the recesses 
of an adjacent pair of plates thus provides a com~ 
municataing series of offset recesses between the two 
edges of said pair of plates. In another speci?c embodi 
ment of the invention, each of the superimposed plates 
is provided in one surface thereof with a plurality of 
communicating recesses arranged with one set of alter 
nate recesses providing ?uid ?ow in a direction normal 
to the direction of ?ow in the other set of alternate re 
cesses, the cross-sectional area of each of one set of re 
cesses being smaller than the cross-sectional area of 
each of the other set of recesses. 
These and other novel features of the invention will 

be more readily understood from the following descrip 
tion taken in conjunction with the accompanying draw 
ing in which: 
FIG. 1 is a sectional side elevation of a ?uid restrictor 

embodying the invention installed in a pipe system; 
FIG. 2 is a top plan view of one of the flow restriction 

plates in the embodiment shown in FIG. 1; 
FIG. 3 is a partial top plan view of two of the ?ow re 

striction plates of the embodiment shown in FIG. 1 and 
arranged in operative position; ' 
FIG. 4 is a sectional view taken along line 4-4 in FIG. 

3; 
FIG. 5 is a perspective view of a stack of the restric 

tion plates of FIGS. 2-4 progressively more rotated 
about their common axis", _ 
FIG. 6 is a partial plane view of another modi?cation 

of the ?ow restriction plate designed to restrict the ?ow 
of a liquid; 
'FIG. 7 is a side elevation, partly in section, of a con 

ventional ?uid control valve provided with a restrictor 
pursuant to FIGS. l-5; 
FIG. 8 is a partial elevation, partly in section, of a 

valve having a simple cylindrical outlet port and pro 
vided with restriction plates of the type shown in FIGS. 
1-5; . 

FIG. 9 is a top plan view of another embodiment of 
?ow restriction plate pursuant to the invention; 
FIG. 10 is a sectional view taken along line l0-—10 

in FIG. 9; and . 
FIG. 11 is a sectional side elevation of a ?uid restric 

tor embodying the plates shown in FIGS. 9 and 10 and 
installed in a pipe system. 

In FIG. 1, the restrictor 10 is shown mounted be 
tween adjacent ?anged ends 11 and 11a of ?uid ?ow 
conduits l2 and 12a. The restrictor comprises a stack 
of superimposed ?ow-restriction plates 13 provided 
with end baf?es 14 and 15. One of the end baffles 14 
is annular in form and advantageously has an outer di 
ameter greater than the internal diameter of the con 
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duits 12 and 12a so that it can be clamped between the 
?anged ends 11 and 11a of the conduit in order to hold 
the restrictor in place. The other restrictor baf?e plate 
15 is in the form of a plate. Thus, the ?ow of ?uid 
through the conduits 12 and 12a must pass through re 
striction ori?ces 16 formed between the restriction 
plates 13. The restriction plates and their end baf?e 
plates 14 and 15 are held together as an assembly by 
bolts or the like. 
The restriction plates 13 shown in detail in FIG. 2 are 

particularly designed for restriction of the ?ow of a gas 
or vapor through a conduit or valve. The plate is char 
acterized by a speci?c arrangement of recesses in its 
surface. This arrangement includes a pair of recesses 
17a and 17b formed in one surface 18 of the plate and 
radially spaced from one another along the line of ?ow 
of ?uid through the stack of plates in the valve. The 
inner recess 17a opens into the open core 13a of the 
annular plate 13 and increases in width in an outward 
radial direction. The outer recess 17b opens into the 
peripheral edge 13b of the plate and similarly increases 
in width in an outwardly radial direction. The arrange 
ment of recesses further includes another recess 19 in 
the opposite surface 20 of the plate. The recess 19 is 
displaced arcuately from the position of the pair of 
spaced recesses 17a and 17b and is radially placed 
along the line of flow of fluid through the stack so that 
its inner radial extremity 19' is positioned inwardly of 
the outermost extremity 17a" of the recess 17a and so 
that its outer radial extremity 19" is positioned out 
wardly of the innermost extremity 17b’ of the recess 
17b. Thus, when two such plates 13 are brought into 
axially aligned juxtaposition with one plate rotated with 
respect to the other in order that the recesses 17a, 19 
and 17b are in radial alignment as shown in FIG. 3, the 
radially outermost end portion 17a” of the recess 17a 
in the surface 18 of one plate overlaps and communi 
cates with the innermost end portion 19' of the recess 
19 in the adjacent surface 20 of the other plate 13 to 
de?ne a restriction ?ow ori?ce A, and similarly the out 
ermost end portion 19" of the recess 19 overlaps and 
communicates with the innermost end portion 17b’ of 
the recess 17b in the adjacent plate surface 20 to define 
another restriction ?ow ori?ce B. The resulting com 
munication of the aligned recesses provides, as shown 
in FIG. 4, a passage for the fluid from the core 13a radi 
ally outwardly through the recess 17a of increasing 
width, thence through restriction ori?ce A in a direc 
tion perpendicular to the plane of the plate 13 into the 
recess 19, again outwardly through the recess 19 of in 
creasing width until it again changes to a direction per 
pendicular to the plane of the plate 13 as it passes 
through restriction ori?ce B into the recess 17b, and 
?nally ?ows radially outwardly through the recess 17b 
of increasing width to the outermost end portion 17b" 
at the periphery 13b of the assembled plates. The radi 
ally outwardly increasing width of each recess permits 
progressive expansion of the ?uid when it is a gas or va 
por, and the abrupt change in direction of ?ow as the 
fluid moves from one recess to the next provides effec 
tive restriction of the ?ow in addition to that caused by 
the friction of the ?uid ?owing through the relatively 
shallow channels defined by the cooperating recesses 
and overlying adjacent plate surface. The effectiveness 
of the communicating recesses in o?'ering restriction of 
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the flow of ?uid through the ori?ces A and B can also ' 
be in?uenced by the depth of the recesses formed in 

4 
the plates 13, but in all cases it will be apparent thatthe 
arrangement of recesses de?nes a path of ?ow of ?uid 
characterized by repeatedly alternate zones of rela 
tively decreased and relatively increased ?ow velocity. 

By repeating the pattern of the foregoing arrange 
ment of recesses around both surfaces of each plate, a 
number of such restriction passages can be provided by 
each adjoining pair of plates. If each plate is provided 
with four alignment holes 21 through which each of the 
four alignment bolts 22 extend, then each plate is pro 
vided with a second set of alignment holes 23 angularly 
displaced the same as the angular displacement of the 
radial axis of the pair of recesses 17a and 17b with re 
spect to the radial axis of the recess 19. By then posi 
tioning alternate plates on the bolts 22 using the align 
ment holes 21 for one plate and the alignment holes 23 
for the next adjacent plate, the recesses 17a, 19 and 
17b will be aligned for the entire stack of plates as for 
the single pair referred to in the preceding discussion. 

It should be understood that the recesses 17a and 17_b 
can be formed in the surface 18 of one disc and that the 
cooperating recess 19 need not be formed in the other 
surface of the same disc but can be formed only in that 
surface of an adjoining disc which faces the surface 18 
of the ?rst disc. In such an arrangement, one disc will 
be provided with the recesses 17a and 17b in its surface 
18 and the adjoining disc will be provided with a recess 
19 in its surface 20. As a result, a pair of discs will pro- I 
vide an arrangement of communicating recesses only 
along the adjoining faces of that pair of discs. On the 
other hand, where the recesses 17a and 17b are formed 
in the surface 18 of each disc and the cooperating re 
cess 19 is formed in the other surface 20 of each disc, 
there will be a restriction path for the ?ow of ?uid be 
tween each adjoining pair of surfaces of discs in the 
stack. 
As shown in FIG. 5, a further variation in the degree ' 

of flow restriction provided by each pair of adjoining 
plates can be obtained ‘by rotating alternate plates 13 
less than the arcuate distance between the centerline 
radius of the recesses 17a and 17b and the centerline 
radius of the recess 19. In this way, the overlap of the 
recesses can be altered from maximum to minimum ex 
tent. To obtain such lesser amounts of relative rotation 
of alternate plates, it is advantageous to establish and 
maintain the relative positions of the plates not by the 
bolts 22 extending through the holes 21 and 23 in the 
plates 13 but by positioning notches 24 in the peripher 
ies 13b of the plates so that the notch in each plate in 
sequence is further around the periphery of that plate. 
These notches can then be aligned with a single post 25 
mounted adjacent ‘the peripheral portions of the 
stacked plates. ' 

When the restriction plates are to be used for control 
of a liquid, which is relatively inexpandible, the reces 
ses 17a, 17b and 19, as shown in FIG. 6, can be of uni 
form width radially of the plates. The overlapping por 
tions of the recesses are, however, smaller in cross 
sectional area than the body of the recesses so as to 
provide the aforementioned arrangement of alternate 
zones of relatively increased and relatively decreased 

' ?ow velocity. 

In FIG. 7, the restrictor is shown mounted in a con 
ventional valve comprising a valve body 26 having an 
inlet port 27 and an outlet port 28. Within the valve 
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body is a valve member 29 mounted on avalve stem 30 
and cooperating with a valve seat 31 (if tight shut-off 
is required) to control ?ow of a ?uid through the valve. 
The valve seat 31 is mounted in a seat ring 32 posi 
tioned at the opening 33 between the inlet port pas 
sageway 34 and the hollow interior of the valve body. 

Positioned immediately above the seat ring 31, and 
axially located within an annular outlet port passage 
way 35 in the interior of the valve body, is the stack of 
superimposed ?ow restriction plates 13. In the embodi' 
ment of the valve shown in FIG. 7, the restriction plates 
13, as shown in detail in FIG. 2, are annular in shape 
with a central open core 13a of sufficient diameter to 
permit the valve member 29 to be moved axially there— 
through as the valve stem 30 is raised or lowered. The 
plates 13 are held in ?xed position by at least one align 
ment bolt 22 mounted in the seat ring 32 and extending 
through the entire stack of plates, and the plates are 
held in ?rm face-to-face contact by a spacer ring 36 
forced against the opposite end of the stack of plates by 
the valve body cover plate 37. 

It will be appreciated that the restrictor 10 need not 
be positioned within the valve body as shown in FIG. 

- 7 and that it can be positioned at either the inlet 27 or 
outlet 28 of the valve in the same manner that it was 
positioned between the adjacent conduits or pipes 12 
and 12a in FIG. I. _ . » 

When the valve member 29 is a simple plate, as in a 
conventional valve, and the valve is opened by axial 
movement of the stem 30, the ?uid is free to distribute 
itself throughout the core 13a of the stack of plates and 
its ?ow will be distributed substantially equally be 
tween all of the plates in the stack. However, by provid 
ing the valve member with a cylindrical body portion 
29a of diameter such as to ?t closely within the core of 
the stack of plates, the position of the valve member 29 
at the bottom edge of the cylinder 29a will determine 
how many of the cooperating plates 13 will be available 
for permitting the restrictive ?ow of the ?uid. In this 
way, control of the ?ow rate through the valve can be 
achieved. Further variety in the extent of ?ow control 
can be obtained by using such a number of plates 13 as 
to ?ll only a portion of the outlet port passageway 35, 
with the result that when the valve member cylinder 
29a is raised above the top end plate of the stack, the 
passageway 35 becomes open to unrestricted ?ow of 
?uid through the valve. 
The annular restriction plate 38 shown in detail .in 

FIGS. 9 and 10 is similarly characterized by a speci?c 
arrangement of recesses in its surface. In this embodi 
ment of the invention the recesses include outer or pe 
ripheral radial channels 39 communicating inwardly 
with an annular channel 40. Extending further inwardly 
from the annular channel 40 are additional radial chan~ 
nels 39' communicating with an inner annular channel 
40' which in turn communicates with the inner open 
core 13a through inner radial channels 39". The trans 
verse cross-sectional area of the individual channels 39, 
39’ and 39" is relatively small compared to that of the 
annular channels 40 and 40' and that of the inner core 
130. Thus, each adjacent pair of restriction plates in a 
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6 
stack thereof, as shown in FIG. 11, de?nes in the path 
of ?ow of ?uid repeatedly alternate zones of relatively 
decreased and relatively increased ?ow velocity. The 
resulting restrictor structure 10a, as also in the case of 
the restrictor embodiment of the invention shown in 
FIGS. 1 through 9, is analagous to a conduit provided 
with a series of ?ow-restrictive ori?ces each separated 
axially of the conduit by an intervening expansion 
chamber. 

I claim: 
1. A multiple stage ?uid restrictor adapted to be posi 

tioned in the path of ?ow of a ?uid through a con?ning 
passage which includes an inlet and an outlet port and 
comprising a stack of superimposed ?ow-restriction 
plates, one plate of said stack of superimposed plates 
being provided with at least one plurality of spaced re 
cesses in one surface thereof of which one of said reces 
ses communicates with one edge of said plate and an 
other of said recesses communicates with the ‘other 
edge of said plate, and another one of said plates of said 
stack of superimposed plates being provided with at 
least one recess positioned between its edges in the sur 
face thereof adjacent the recess-provided surface of the 
?rst-mentioned plate, each recess in the other plate ex 
tending a sufficient distance across said other plate to 
partially overlap and thus communicate with successive 
ones of said plurality of spaced recesses in the ?rst 
mentioned plate when the plates are positioned with 
these two surfaces in contact with one another, the re 
sulting overlapping of the recesses of an adjacent pair 
of plates thus providing a communicating series of re 
striction ori?ces of relatively small cross-sectional area 
connecting the offset recesses of relatively large cross 
sectional area extending between the two edges of said 
adjacentpair of plates so as to de?ne a path of ?ow for 
?uid characterized by repeatedly alternate zones of rel 
atively increased and relatively decreased ?ow velocity 
respectively, and baf?e means connected to both ends 
of the stack of plates adapted to close said con?ning 
passage except for ?ow of ?uid through the stack of 
plates from one edge thereof to the other. - 

2. A multiple stage ?uid restrictor according to claim 
1 in which each of said plates is provided with the ?rst 
mentioned plurality of recesses in one surface of the 
plate and is provided on the opposite surface thereof 
with each secondmentioned overlapping recess arcu 
ately offset from the ?rstmentioned plurality of reces 
ses, alternate plates being so positioned in axial align 
ment that successive recesses in one surface of one 
plate are overlapped by each recess in the proximate 
surface of the adjacent plate. . 

3. A multiple stage ?uid restrictor according to claim x 
l in which the entire outlet port is'?lled with an assem 
bly of said superimposed ?ow-restriction plates. 

4. A multiple stage ?uid restrictor according to claim 
1 in which the outlet port is annular in shape and the 
plates are of substantially the same annular shape. 

- 5. A multiple stage ?uid restrictor according to claim 
1 in which said one plate of said stack of superimposed 
plates includes two spaced recesses communicating 
with the edges of said one plate. 

- * * a: * * 


