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57 ABSTRACT 
A valve having stacked disks with alternate circular 
grooves in the faces thereof to provide a high pressure 
drop surface in fluid flow transverse to said grooves and 
ridges. The disks are circular in shape with a circular 
center opening to provide a central fluid opening when 
the disks are stacked with the center openings in regis 
ter. Fluid enters the center opening and flows radially 
between the adjacent faces of a pair of disks to flow 
transversely across the continuous circular grooves and 
ridges. 

13 Claims, 7 Drawing Figures 
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1. 

CONTROLLED PRESSURE DROP VALVE 

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

BACKGROUND OF THE INVENTION 

1. Field 
The handling of high pressure fluids presents particu 

lar problems in any device in which substantial reduc 
tion of pressure occurs. High pressure liquids often 
cavitate within turbines, valves and the like, resulting in 
pitting of critical surfaces. Also, a rapid drop in pressure 
of a superatmospheric gas stream often results in inordi 
nately loud noises as the gas approaches or exceeds 
sonic velocities. These problems can be overcome by 
gradually dropping the pressure by subjecting the fluid 
to a series of minor reductions in pressure, for example, 
by placing a number of orifices of decreasing orifice 
diameter in the fluid stream, or by subjecting the fluid to 
substantial conduit friction, for example, by passing the 
fluid through channels, passageways and the like having 
a very high wall-area to volume ratio. 

2. State of the Art 
The concept of utilizing narrow passageways in lieu 

of orifices to effect pressure reduction or to control 
fluid flow has been practiced in the art. The control of 
low volume fluid flow is illustrated by the device dis 
closed in U.S. Pat. No. 1,964,300 of Perry, et al. wherein 
a single, long-length passageway was utilized to control 
gas flow to a pilot burner. 

In Mittendorf, et al., U.S. Pat. No. 2,021,079, a long 
length, narrow passageway is utilized in a pressure re 
duction device. A single tortuous path is provided by 
grooving adjacent disks so that an interconnecting pas 
sageway is formed through a stack of disks. 
The concept of utilizing a long passage has been fur 

ther applied to axially actuated valves in which a plural 
ity of tortuous paths are presented to a high pressure 
Streann. 

In U.S. Pat. No. 3,514,074 the fluid flow is subdivided 
into a plurality of individual streams in respective pas 
sageways having a long-length to diameter ratio, while 
in U.S. Pat. No. 3,513,864 the high pressure fluid flows 
a tortuous course through a skeletal, disk-baffle grid 
assembly. The devices described in both patents have 
adjacent disks having radial separators extending along 
the disk faces. At least some of the disks of the U.S. Pat. 
No. 3,513,864 are perforated, while disks of the U.S. 
Pat. No. 3,514,074 have furrows separated from one 
another by the face surfaces in sealing contact between 
adjacent furrows, the furrows changing direction of 
fluid flow substantially in a horizontal plane. 
A single, narrow passageway cannot be effectively 

utilized to handle a high pressure stream having a high 
rate of flow. Furthermore, devices which utilize indi 
vidual or discrete passages tend to plug whenever the 
fluid contains solid matter. While the devices of the 
prior art are effective for their intended purpose, an 
easily manufactured device for handling high pressure 
streams of large volumes does not exist. 

SUMMARY OF THE INVENTION 

The instant invention involves a valve having a valve 
housing with an interior accommodating a plurality of 
stacked disks having a central cylindrical fluid cavity 
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2 
formed by the central openings of respective disks in 
register. Adjacent disks are spaced apart a slight dis 
tance to form segregated, annular or ring-shaped cavi 
ties encircling said cylindrically shaped cavity. The 
fluid inlet and outlet of the ring-shaped segregated cavi 
ties is from substantially continuous peripheral spaces 
between adjacent disks. A linear actuated plunger 
within the central cylindrical cavity regulates the num 
ber of segregated, ring-shaped spaces formed by adja 
cent disks available for admission of fluid. 
The transverse flow of fluid across the ridges and 

furrows of disk faces results in dissipation of fluid en 
ergy. The ridges and furrows are preferably concentric 
circles upon a disk face and adapted to coact with an 
adjacent disk face so that the furrow of one face is 
opposed by a ridge of an opposite face. The ridges may 
be spiral-shaped as long as a spiral-shaped furrow which 
mates therewith is in an opposite face of a disk. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Further description of the invention may be facili 
tated by reference to the accompanying drawings. 

FIG. 1 is an elevational cross-sectional view of a 
valve having extended-surface stacked disks. 

FIG. 2 is a plan view of one of an extended-surface 
disk. 
FIG. 3 is a cross-sectional view of the disk of FIG. 2 

along section lines 3-3. 
FIG.4 is an elevational view of the disk of FIG. 2. 
FIG. 5 is a sectional view of an extended-surface 

stacked disk having alternative forms of furrows and 
ridges. 

FIG. 6 is a sectional view of extended-surface stacked 
disks having vertically spaced opposed ridges and op 
posed furrows. 
FIG. 7 is a sectional view of extended-surface stacked 

disks having the spacing therebetween increasing with 
distance from a central opening. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The valve of FIG. 1 comprises a valve body or hous 
ing 10 having therein a vertically actuated plunger 11 
which travels within the central inlet cavity 12 to close 
serially the lateral inlet openings 13 to the extended-sur 
face circular space 14 formed between stacked adjacent 
disks 15 and 16. A high pressure fluid flows into the 
cylindrical central inlet cavity 12 and into a plurality of 
lateral inlet openings 13 to flow into an extended-sur 
face circular open space 14 between adjacent disks to 
then exit at the periphery of said disks through openings 
17. 
The fluid passing through a series of stacked disks 

exits through openings 17 into an enclosure 18 which 
substantially encircles the stacked disks except for the 
portion leading to discharge nozzle 19. 
The novel valves of this invention comprise those 

having a plurality of novel disks described hereinafter. 
The number of disks, the spacing therebetween, the 
surface area of an individual disk and the particular 
surface configuration depends upon the size of the valve 
and the volume and pressure of fluid to be handled. The 
disks in an individual valve are preferably of the same 
interior and exterior diameter and preferably of a sub 
stantially identical construction. The disks are prefera 
bly placed in register, which is particularly necessary to 
provide a smooth central cavity 12 to accommodate a 
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plunger 11 in a sealing manner so that fluid does not 
bypass the plunger. 
The openings 13 between adjacent disks are prefera 

bly aligned vertically and preferably the total opening 
area at each level is uniform. The opening 13 between 
adjacent disks may be a continuous, narrow opening 
encircling the inner perimeter of the cavity between 
adjacent disks inasmuch as the disks may be spaced by 
supports at the outer periphery of said disk. 
A disk particularly useful in this invention is illus 

trated in FIGS. 2, 3 and 4. The disk nests with adjacent 
disks with the circular concentric ridges on the surface 
of one disk preferably directly opposite circular concen 
tric grooves on the adjacent surface of another disk. 
The surfaces of adjacent disks, e.g., the upper surface of 
a lower disk and the lower surface of the next adjacent 
disk above the lower disk, preferably have parallel sur 
faces so that the annular space between the inlet open 
ing and exit at the periphery of the disk has a height or 
thickness which is substantially uniform even though 
the annular space is defined by irregular, i.e., non-flat, 
surfaces. 
The disk illustrated in FIGS. 2, 3 and 4 has a circular 

rim 20 at the periphery of the disk, which juts slightly 
below the lower surface of the disk. The disk, of course, 
can be inverted so that the rim juts above the upper 
surface. The terms "lower' and "upper' being in regard 
to the particular orientation in the drawings and not 
necessarily limiting the orientation of the disk in refer 
ence to any external reference plane. At spaced inter 
vals about the periphery of the disk the circular rim 20 
is interrupted with slots 21 which permit fluids to exit 
from the annular space between adjacent disk surfaces. 
The exit slots 21 may comprise most of the perimeter of 
a disk with the rim 20 comprising only a small portion, 
e.g., four small sections of rim spaced apart to form four 
supports on separating disks. The exit slots 21 are pref 
erably located in line with entrance slots 13 which are 
located at the interior. 

Circular rim 20 mates with circular ledge or shoulder 
22 to interlock the disks against relative lateral move 
ment and to space the opposed adjacent surfaces of a 
pair of mated disks to form open space 14. Annular 
Surface 23 abuts surface 24 of an adjacent disk in the 
illustrated disk although the disk may be constructed so 
that these opposed surfaces are spaced apart. When 
surfaces 23 and 24 are in abutting contact, slot 21 is 
constructed so that it extends inwardly beyond surface 
24 into inclined surface 25 of the outermost circular 
groove 26 which is directly opposed (in register) with 
circular ridge 27 of the next adjacent disk. The number 
of circular ridges on one surface of a disk is preferably 
equal to the number of circular grooves on the opposite 
surface. 
A fluid flow space is provided between adjacent disks 

by spacing the walls 25 and 28 of circular groove 26 
from the walls 29 and 30 of circular ridge 27 of an adja 
cent disk. In the illustrated embodiment, wall 25 is par 
allel to wall 29. The included angle of groove 26 is the 
same as the included angle of ridge 27. The included 
angle may range from an angle of about 150 to about 
15, although a preferred range is from about 120° to 
about 30 and particularly from about 90° to about 45°. 
The illustrated disks have ridges and grooves with an 
included angle of 60. 
The distance d1 from annular surface 24 to the apex of 

groove 26 is slightly greater than the distance d2 from 
upper annular surface 23 to the peak of circular ridge 
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4 
27. Thus, a fluid flow space is provided between adja 
cent disks when surface 23 of one disk is in contact with 
surface 24 of another disk. The spacing between adja 
cent disks depends upon the number of disks required 
for a particular valve, the overall diameter of the disk, 
the width of the solid disk portion between the circular 
opening in the disk and its outer perimeter, and the 
number and angle of ridges and grooves. 

In a typical disk having an overall diameter of about 
three inches and a central cavity diameter of about one 
and one-halfinches, a vertical spacing between adjacent 
disks of about one-eighth to about one-sixteenth inch is 
generally sufficient to provide the desired resistance to 
flow. The overall thickness dis of a disk may vary sub 
stantially depending upon the depth of grooves pro 
vided and the height of the ridges provided. Depth ds, 
however, for a valve having disks of the above dimen 
sions, is typically from about one-fourth inch to about 
one inch and preferably from about three-eighths inches 
to about three-fourths inch. 

FIG. 2 is a plan view of the lower surface of the disk 
illustrated in FIG.3 showing rim 20 and slots 21 and 13. 
Between slots 13 there are pillars 31. As illustrated in 
FIG. 2, the width of slot 21 is the same as the width of 
slot 13, although either slot may be wider than the other 
and, in fact, pillars 31 may be eliminated so that slot 31 
is a continuous circular opening. Also, slots 21 may 
comprise most of the perimeter of the disk with only a 
few narrow sections of rim 20 in position to space the 
disks apart and prevent lateral movement. Since rim 20 
overlaps the mating surface of an adjacent disk, it spaces 
the disks vertically and also prevents relative lateral 
movement between disks. No pillars 31 need be pro 
vided between adjacent slots 13 for the structural pur 
pose. Thus, the opening into the annular space between 
disks may be one continuous circular space. 
The device illustrated in FIG. 5 illustrates another 

embodiment of the alternate concentric ridge and 
groove arrangement of the face of the stacked disk. The 
cross-sectional view illustrated in FIG. 5 shows ridges 
and valleys which are substantially square in cross-sec 
tion; that is, tooth or ridge 32 has substantially parallel 
side walls 32a and 32b which meet a substantially flat 
circular surface 33 at substantially right angles. Valley 
35 mates with ridge 32, although it has a slightly wider 
flat surface substantially parallel to ridge surface 32c. A 
disk having the ridge-valley arrangement of FIG. 5 
provides one additional turn per ridge as compared 
with the arrangement illustrated in FIG. 3. The space 
between the opposed faces of adjacent disks in the de 
vice illustrated in FIG. 5 is substantially uniform. 
An annular expansion chamber 34 is provided at the 

peripheral exit of the high pressure drop zone. The inlet 
37 has a wide-mouth opening narrowing as it progresses 
to the high pressure drop zone. Surface 38 has a slight 
angle of about 5' to about 15 to the perpendicular to 
permit a more easily regulated flow to occur as the 
plunger moves past the surface 38. Surface 39 is dis 
posed at an angle of about 45 to about 60 to the per 
pendicular. 

Peripheral space 36 is, in essence, the exit zone of 
fluid from the pressure drop area. The fluid flows into 
annular space 34 and expands therein. The inner space 
34 is provided as an intermediate expansion zone from 
which the gas then passes through exit ports into the 
surrounding conduit to further expand. 
FIG. 6 is a cross-sectional view of a pair of opposed 

disks, each having concentric ridges which mesh with 
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the ridges of the opposed disk. The crowns of the ridges 
of opposed disks in this embodiment are spaced apart by 
a distance d4 which is substantially less than distance d2 
(depth of ridge) and is preferably not greater than about 
one-fourth the depth of d2. If d4 is too great, the trans 
verse flow of fluid will not be forced to flow into the 
furrows between ridges, Distance d4 may, of course, be 
zero and, as illustrated in FIGS. 1, 5 and 6, the ridges of 
one plate may project into the furrows of the opposed 
disk so that the ridges are overlapping. 
Although the valves of this invention may be utilized 

to control fluid flow and reduce the pressure of high 
pressure fluid streams regardless of the type of fluid, i.e., 
liquid or gas, it is known that the volume of a gas in 
creases as its pressure decreases. Therefore, a gas flow 
ing in a conduit of uniform, cross-sectional area will 
experience a velocity increase as the pressure decreases, 
In order to avoid the acoustical annoyance of high 
velocity gases, it is preferred to size the valves of this 
invention so that the gas velocity does not exceed about 
0.4 Mach at any point in the valve. 

In order to maintain a substantially constant gas ve 
locity throughout all spaces of the valves of this inven 
tion, the space between disks must increase as gas pres 
sure decreases. Therefore, in valves constructed espe 
cially for handling gases, the spacing between faces of 
opposed disks is greater near the peripheral outlet than 
at the inlet from the central cylindrical cavity. The disks 
may be constructed with ridges and grooves or furrows 
of uniform depth with the spacing between opposed 
faces increasing with distance from the inlet to the space 
between disks. In this construction the volume of gases 
through the disk increases without an increase in ridge 
size. Thus, less of the gas may be forced to change 
direction as the gas nears the peripheral outlet. A pre 
ferred construction, however, increases the size of the 
ridges and furrows with distance from the inlet to the 
space between disks. Such a construction is illustrated 
in FIG. 7. 

In FIG. 7 a disk especially suited for high pressure 
gases is illustrated in a cross-sectional view. As illus 
trated, the flow of gas proceeds through the space be 
tween disk faces from the cylindrical cavity 12 to dis 
charge at the outer periphery of the disk. The ridges of 
the disk increase in depth as the gas passes from the inlet 
to the peripheral outlet. The first ridge 40 which the gas 
encounters is smaller in depth and surface area than 
ridge 41 which is located adjacent the peripheral outlet. 
The depth dé of ridge 41 is substantially greater than the 
depth d5 of ridge 40. Ridges 42 and 43 interposed be 
tween ridges 40 and 41 are of a depth intermediate to 
ridges 40 and 41. 
As illustrated in FIG. 7, as the size of ridges increase, 

the size of the furrows increases, consequently increas 
ing the volume formed by the disks for a given radial 
distance. The space (area) between ridge 41 and its 
mating furrow 44 is substantially greater than the area 
between ridge 40 and furrow 45. For example, in a 
valve intended to control gas flow and reduce the gas 
pressure by about one-third, the area between the outer 
most ridge, i.e., the ridge adjacent the peripheral outlet 
and its mating furrow, should be about threefold the 
area between the innermost ridge, i.e., the ridge adja 
cent the gas inlet and its mating furrow. 

In handling any fluid through the valves of the instant 
invention, it is preferred to achieve not more than a 
50% drop in pressure across any given ridge, which 
generally involves about three changes in direction of 
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6 
fluid flow. Thus, in dropping the pressure of a fluid 
from about 1000 psi to less than 100 psi, a drop of not 
more than 500 psi would be taken across the first ridge 
the fluid encountered, a drop of not more than about 
250 psi across the second ridge, a drop of not more than 
125 psi taken across the third ridge, and drop of not 
more than about 62.5 psi across the fourth ridge would 
be taken. 
The instant invention, through embodiments de 

scribed herein, provides valves whereby the orifice 
effect is avoided and pressure is reduced through 
change of fluid direction and surface friction. Also, the 
discharge outlets from one pair of disks may be directly 
opposed to the opening from another pair of disks, 
thereby causing the fluid streams to impact one another, 
causing a further loss of energy. The fluid is caused to 
flow transversely across alternating ridges and grooves, 
thereby losing energy through a series of changes of 
direction. Also, the fluid path through the space be 
tween adjacent disks is sufficiently long to cause sub 
stantial loss of energy through friction. 

In constructing disks for valves of the instant inven 
tion, it is preferred to provide a mated pair of disks 
which cause the fluid to change direction at least four 
times. Also, it is preferred that the spacing between 
disks be maintained such that the fluid velocity remains 
fairly low, for example, below about 0.4 Mach for gases 
and less than about 100 feet per second for liquids. 
The novel valves of this invention enable the flow of 

high pressure fluids to be regulated without causing the 
fluid to attain high velocities. The fluid is introduced 
into one end of a cylindrical shaped cavity formed by 
the circular center holes of the stacked disks. The vol 
ume of the cavity available to the high pressure fluid is 
regulated by a plunger which is actuated along the 
central longitudinal axis of the cylindrical shaped cav 
ity. The high pressure fluid in the cavity is radially 
discharged from said cavity into the segregated annular 
cavities encircling the central cylindrically shaped cav 
ity. The number of annular cavities in any valve is gen 
erally one less than the number of disks present, since a 
pair of adjacent disks is required to form a single annu 
lar cavity. Each of the disks except the bottom and top 
disks has ridges on both faces. 
The flow of fluid in the segregated annular cavities is 

substantially transverse to the ridges and furrows lo 
cated in the faces of opposed disks forming the annular 
cavity. The transverse flow of fluid is substantially ra 
dial from the central cylindrical cavity and the dis 
charge from the segregated annular cavities is substan 
tially radial into a space formed by the valve body 
which encloses the stacked disks except for the dis 
charge opening from the valve body. 
The direction of fluid flow within the segregated 

cavities is changed a sufficient number of times, usually 
at least four times, to cause a substantial pressure drop 
to occur in the high pressure fluid. In a vertically 
aligned valve, i.e., one where the plunger moves verti 
cally, the change of direction of fluid flow occurs sub 
stantially in a vertical plane, i.e., a molecule of fluid 
entering the segregated cavity flows radially along a 
line from the central cylindrical cavity with only a 
vertical movement component and without any compo 
nent horizontally transverse to the radial flow compo 
nent. 

As indicated herein, the gases undergoing a reduction 
of pressure tend to expand. The disk illustrated in FIG. 
7 is designed especially to accommodate this character 
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istic of gases. It is a significant feature of the valves of 
this invention that the annular segregated cavity formed 
by the opposed faces of a pair of disks inherently pro 
vides a larger cavity volume as the gas or other fluid 
travels from the inlet to the outlet of a segregated cav 
ity. Since each annular cavity has a larger circumfer 
ence near the outlet than at the inlet, the circumferential 
area between disks at the outlet is substantially larger 
than the circumferential area near the inlet. This is a 
feature not present in devices which cause a fluid to 
flow in an elongated tunnel. 
Another significant feature of the valves of the instant 

invention is the uncomplicated construction of the indi 
vidual disks. Valves for handling high pressure fluid 
generally require fairly accurate control. Thus, the 
surfaces of the various components are usually ma 
chined. The machining of concentric grooves, which is 
the preferred construction, in a circular disk face is 
readily accomplished on a lathe. Because of the ease of 
machining the disk faces on a lathe, the tolerances be 
tween disks may be maintained to a high degree. Thus, 
in a set of stacked disks, the volume of each segregated 
cavity will be substantially the same, thereby providing 
predicable operation. 
The construction of the valves of the instant inven 

tion is further advantageous inasmuch as plugging by 
foreign material is less likely to occur in a segregated, 
annular cavity than in an elongated, narrow tunnel. 
Also, the valves may be rapidly constructed since no 
horizontal or radial alignment of one disk to another is 
required. The disks must be stacked vertically in regis 
ter, but the overlapping rim automatically provides for 
this. Otherwise, the disks may be rotated with respect to 
one another without affecting the operation of the 
valve. 
Although the instant invention has been described 

herein by reference to specific embodiments, it is not 
intended for the invention to be limited solely thereto, 
but to include all the variations and modifications 
within the scope of the appended claims. 

I claim: 
1. A valve for high pressure fluids having a verti 

cally actuated plunger and a valve wall coacting with 
said plunger to form a seal therebetween, said valve 
wall comprising a series of stacked annular disks, hav 
ing fluid flow across said disks, an annular center open 
ing in each disk in register with the annular openings of 
the remaining disks to provide a cylindrical cavity to 
accommodate said plunger and provide a fluid inlet, 
each disk having a plurality of substantially circular 
ridges on at least one face of said disk for changing 
direction of fluid flow, said ridges having a V-shaped 
Cross-section and each disk having a plurality of projec 
tions on at least one surface of said disk to space each 
disk from adjacent disks and a substantial opening about 
the inside periphery of each disk communicating with 
the space between said disk and an adjacent disk and a 
Substantial opening about the outside periphery of each 
disk communicating with the space between said disk 
and an adjacent disk and communicating with a dis 
charge outlet of said valve. 

2. The valve of claim 1 13 wherein a pair of adja 
cent disks have opposed faces having concentric ridges 
on face and mating concentric grooves on the opposite 
face. 

3. The valve of claim 12 wherein each disk has 
V-shaped concentric grooves and inverse V-shaped 
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concentric interspersed between adjacent 
grooves. 

4. The valve of claim 1 13 wherein a pair of adja 
cent disks forms between opposed faces thereof an an 
nular, continuous space having an irregular radial cross 
section. 

5. The valve of claim 1 13 wherein a pair of adja 
cent disks forms between opposed faces of an annular, 
continuous space of thin, radial cross-section having 
undulating, opposed, extensive surfaces. 

6. The valve of claim 2 13 wherein concentric 
said circular ridges each have a single continuous sharp 
edge. 

7. The valve of claim 1 13 wherein the plurality of 
projections are located on one surface of each disk 
adjacent the outer peripheral surface of said disk. 

8. The valve of claim 2 wherein the ridges of one disk 
project into the grooves of an adjacent disk. 

9. The valve of claim 1 13 wherein the ridges of 

ridges 

0 said disk have crowns which are in the same plane. 
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10. The valve of claim 1 13 wherein a pair of 
adjacent disks have opposed faces having concentric 
ridges and concentric grooves on one face and mating 
concentric grooves and concentric ridges on the oppo 
site face, the crowns of the ridges of each face being in 
substantially the same plane. 

11. The valve of claim 13 wherein the depth of 
said V-shaped grooves increases from the innermost to 
the outermost groove and the height of said V-shaped 
ridges increases from the innermost to the outermost 
ridge. 

12. The valve of claim 1 wherein the outer periph 
eral projections on said disk spaces said disk from an 
other disk and overlaps the rim of an adjacent disk to 
prevent lateral movement thereof. 

13. A valve for high pressure fluids comprising: 
a valve housing 
a plunger, and 
a plurality of stacked annular disks mounted within said 

housing, each said disk comprising 
an annular center opening in register with the annular 

center openings of the remaining disks, said annu 
lar center openings together providing a cylindrical 
cavity that accommodates reciprocating movement 
of said plunger so as to control the flow of fluid 
through said stacked disks, 

a plurality of substantially circular ridges on at least 
one face of each said disk, 

a plurality of projections on at least one face of each 
said disk, said projections overlapping the rim of an 
adjacent disk in order to prevent lateral movement 
thereof, said projections also spacing the disk from 
an adjacent disk so as to permit fluid flow therebe 
tween 

a first substantial opening about the inside periphery 
of each said disk, said first opening communicating 
with the space between the disk and an adjacent 
disk, and 

a second substantial opening about the outside periph 
ery of each said disk, said Second opening commu 
nicating with (I) said space between the disk and an 
adjacent disk and (2) a discharge outlet of said 
valve. 

14. A valve for high pressure fluids comprising: 
a valve housing 
a plunger and 
a plurality of stacked annular disks mounted within said 

housing, each said disk comprising: 
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an annular center opening in register with the annular 
center openings of the remaining disks, said annu 
lar center openings together providing a cylindrical 
cavity that accommodates reciprocating movement 
of said plunger so as to control the flow of fluid 
through said stacked disks, 

a plurality of substantially circular ridges on at least 
one face of each said disk and a plurality of mating 
circular grooves on the opposite face of an adjacent 
disk, the depth of said grooves increasing from the 
innermost to the outermost groove and the height of 
said ridges increasing from the innermost to the 
outermost ridge, 

a plurality of projections on at least one face of each 
said disk so as to space each disk from an adjacent 
disk in order to permit fluid flow therebetween 

a first substantial opening about the inside periphery 
of each said disk, said first opening communicating 
with the space between said disk and an adjacent 
disk, and 

a second substantial opening about the outside periph 
ery of each said disk, said second opening commu 
nicating with (1) the space between said disk and an 
adjacent disk and (2) a discharge outlet of said 
valve, 

15. A valve for high pressure fluids comprising: 
a valve housing 
a plunger and 
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10 
a plurality of stacked annular disks mounted within said 

housing, each said disk comprising: 
an annular center opening in register with the annular 

center openings of the remaining disks, said annu 
lar center openings together providing a cylindrical 
cavity that accommodates reciprocating movement 
of said plunger so as to control the flow of fluid 
through said stacked disks, 

a plurality of substantially circular ridges on at least 
one face of each said disk and a plurality of mating 
circular grooves on the opposite face of an adjacent 
disk, the depth of said grooves increasing from the 
innermost to the outermost groove and the height of 
said ridges increasing from the innermost to the 
outermost ridge, 

a plurality of projections on at least one face of each 
said disk, said projections overlapping the rim of an 
adjacent disk in order to prevent lateral movement 
thereof, said projections also spacing the disk from 
an adjacent disk so as to permit fluid flow therebe 
tween 

a first substantial opening about the inside periphery 
of each disk, said first opening communicating with 
the space between said disk and an adjacent disk 
and 

a second substantial opening about the outside periph 
ery of each said disk, said second opening commu 
nicating with (1) the space between said disk and an 
adjacent disk and (2) a discharge outlet of said 
valve. 
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