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[57} ABSTRACT

A stacked-disc structure is comprised of a stack of annu-
lar discs (13) scalloped along the outer edge to provide
lobes (132) and etched on one side to provide lands
(13a). A web (13d) is retained in the lobes to strengthen
the discs so that they will not collapse due to high fluid
pressure. The stack of discs is retained by a housing (10)
having a fluted interior wall to retain the ends of the
lobes. End plates (11 and 12) secure the stack of discs
with a spacer (14) at one end having lands (144) on lobes
which match the lobes of the stacked discs to allow
fluid to flow into, or out of, the spaces between the
lobes of the stacked discs. The spaces between the lands
on the etched discs provide passages for fluid flow into
or out of the hollow core of the stack. The height of the
lands (i.e., depth of the etch) determines the size of the
smallest particle that will be permitted to flow through.
The stacked-disc structure may be connected to the
inlet of a valve, or be incorporated into the valve hous-
ing on the inlet side of the valve scat to assure substan-

4050479 971977 BAUMARD womoooososoe 138/42 tla!ly constant fluid ve}omty, and thereby reduce valve
4,060,099 11/1977 Bates ...... 137/625.3 ~ noise when the valve is operated.
4,079,754 3/1978 POrter .......covvvivvnesiinncinns 138/42
4,127,146 1171978 Self c.ovovvveeceenrreererensarenens 137/625.37 10 Claims, 11 Drawing Figures
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: sageways between the outer edges and the inner edges
STACKED-DISC STRUCTURE FOR FLUID FILTER of the filter discs. Each: passageway is now provided
OR VALVE SILENCER with only two 90° turns which serve to trap the parti-

ORIGIN OF INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aceronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION

This application is a continuation-in-part of applica-
tion Ser. No. 262,541 filed May 11, 1981, now aban-
doned.

The present invention relates to a stacked-disc struc-
ture which may be used as a filter for extracting fine
particle contamination from a fluid stream, or as a si-
lencer for valves which control a fluid stream.

The usual practice in filtering a fluid stream is to pass
the fluid through a fine mesh screen, with the size of the
mesh selected for the maximum size of particles to be
allowed to pass. While very fine mesh can be produced
from material of natural or synthetic filaments, a prob-
lem arises in the case of filtering highly corrosive fluids,
such as liquid fluorine. The filaments of such a fine mesh
quickly corrode, and the entire screen fails. It is there-
fore necessary to use noncorrodible material for the
screen, such as nickel alloy wire for filtering liquid
fluorine. The problem with such a wire mesh screen is
that the wire must then be very fine. It is extremely
difficult, if not impossible, to weave a fine mesh screen
with such wire.

A better approach is to stack etched annular discs as
disclosed in U.S. Pat. Nos. 3,648,843; 3,397,794 and
3,827,568. Each filter disc is etched on only one side.
When the etched face of the disc is pressed against the
reverse side (unetched back) of another filter disc, re-
stricted fluid passageways are formed by the etched
channels. The passageways are so tortuous as to cause
the fluid flow to change directions a number of times in
flowing from the outside of the annular discs to the
inside.

In the first of the above-mentioned patents, there is a
central core on which annular filter discs are stacked.
Each disc is etched with a pattern of baffles to provide
a serpentine path for fluid flowing through four spaced
openings on the outer edge of the disc into the baffled
area, and through four spaced openings on the inner
edge of the disc into spaces between the stack of discs
and a core. The baffles cause the fluid to experience
numerous changes in direction in following the serpen-
tine path. This subjects the particles to inertial forces at
each turn which drive the particles against lateral sur-
faces for separation from the moving fluid stream.

While this arrangement is effective in removing parti-
cles from the fluid, it does slow down the fluid flow
significantly because it requires many changes in direc-
tion. This produces an undesirable pressure drop. This
is further aggravated by the fact that the arrangement
can provide for only limited inlet and outlet areas since
most of the inner and outer circumferences of the annu-
lar discs are necessarily devoted to setting up the ser-
pentine paths. '

In the third of the above-mentioned patents the cen-
ter core is eliminated, and the stacked filter discs are
retained only at their outer edges. Also, the long serpen-
tine paths are abandoned in favor of much shorter pas-
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cles, as in the first patent, but with significantly less
pressure drop. But still there is only about 50% of the
circumference of the filter discs that can be devoted to
inlet and outlet passages. Consequently, such a filter
arrangement cannot be efficiently used for large flows
at pressures of 500 psig or more:

In the second of the above-mentioned patents, the
center core is omitted, and annular discs are etched to
have Y shaped projections arranged in rings to “point”
to the center, with the Ys of each ring offset from the
next so that each Y points between Ys of the next ring.
The result is a tortuous path for the fluid between discs.
In other embodiments, other configurations are used
instead of the Y shaped projections, with less tortuous
paths. But still the filtering action relied upon is swirling
flow which causes fine particles to be trapped in crev-
ices of the etched pattern. Any particle not trapped will
therefore pass through the fiiter. It may therefore be
necessary to connect two or more such filters in series
to completely filter all fine particles.

Another known application for a stack of discs with
maze-like passages between the discs is to silence valve
noise. When a valve opening is increased, the pressure
at the inlet drops momentarily below the new level and
then settles at the new level, while fluid velocity
through the valve housing surges and then settles back
to a constant velocity. This surge creates vibration of
the valve “gate,” where the term gate is used generi-
cally to refer to any of the different types of structures
designed to fit against a valve seat to shut off flow
through the valve, such as a ball, wedge or cone (nee-
dle). This vibration quite naturally creates noise which
travels throughout the pipes of the fluid system. Such
noise may be intolerable. For example, a submerged
submarine running silent must have silent valve opera-
tion. It has been previously noted by others that a good
way to reduce valve noise is to prevent such surges in
fluid velocity, i.e., to maintain constant fluid velocity
through the valve as its opening is changed, using a
stack of discs with passages between the discs designed
to turn the direction of flow through the passages a
number of times. This obstruction to flow will keep
velocity constant regardless of changes in pressure from
inlet to outlet, but will itself cause a pressure drop.
Consequently, the pressure provided at the inlet must be
increased by the amount of pressure drop across the
stacked-disc structure. That is a significant penalty to
pay for silencing valve noise because the fluid system to
the inlet must be designed for a high pressure, and the
continual pressure drop across the stacked-disc struc-
ture represents a continual loss of energy. What is re-
quired for valve noise silencing is a stacked-disc struc-
ture which keeps velocity constant regardless of pres-
sure drop between the inlet and the outlet, and which
does not itself cause any significant pressure drop in the
fluid flow.

"SUMMARY OF THE INVENTION

In accordance with the present invention, a stacked-
disc structure is provided for filtering or valve noise
silencing with a much greater perimeter than the cir-
cumference of a circle of the same diameter by scallop-
ing the outer edge of the discs to very near the inner
edges thus forming radial lobes. When the discs are
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stacked, a hollow cylindrical structure is formed fluted
on the outside. The inner edge of each disc is also pref-
erably scalloped slightly into each lobe, leaving a por-
tion between lobes of significant width and reducing the
area of the lobes without affecting the outer edge of the
lobes. The hollow cylindrical structure is thus also
slightly fluted on the outside, though that is not essential
for the present invention; the inside core could be a
smooth cylinder shape. Passageways from the outer
edges of the filter discs to the inner edges are etched to
a depth less than the thickness of the discs. For filter
applications, the depth is controlled for the smallest size
particle to be eliminated from the fluid as it flows
through the passageways.

A cylindrical housing for the filter element is fluted
shallowly on the inside to retain the stacked discs by the
tips of their lobes, leaving all the rest of the space be-
tween lobes for fluid flow. The inside of the stacked-
disc structure is of such a size as to provide space for
fluid flow at least equal to or greater than the sum of the
spaces between lobes of the stacked discs, and a suffi-
cient number of discs are stacked to provide a total
cross sectional area of passageways between lands at
least equal to or greater than the sum of the spaces
between lobes, which sum is in turn at least equal to and
preferably greater than the smallest of the inlet or outlet
of the housing. There is thus little restriction to the flow
of fluid through the filter, and the flow of fluid is con-
stant regardless of pressure drop from the inlet to the
outlet. Consequently, if the stacked-disc structure is
incorporated in the valve, such that the valve housing is
the housing for the stacked-disc structure, or if the
stacked-disc structure with its own housing is con-
nected to the inlet of the valve housing, the stacked-disc
structure will reduce valve noise without itself intro-
ducing any significant pressure drop.

The fluid is introduced at one end of the housing to
the spaces between lobes and is extracted at the other
end of the housing through the hollow core of the struc-
ture. This is accomplished by a plate at the outlet (inlet)
end of the housing with a central aperture. At the inlet
(outlet) end, a similar plate closing the housing is pro-
vided with a central aperture and a spacer over the
aperture. The spacer is a circular plate scalloped around
the edge to provide lobes which match the lobes of the
stacked discs. Opposite the stacked discs, and against
the inlet (outlet) plate, there are lands which extend
over just the spacer lobes, leaving passageways between
the lands to the spaces between the lobes of the stacked
discs. These lands of the spacer extend toward the axis
of the spacer to a circle of a diameter at least equal to or
greater than the aperture of the inlet plate. While refer-
ence has been made to “inlet” at one end and “‘outlet” at
the other for convenience of description in this sum-
mary of the invention, it should be understood that the
filter is bilateral, i.e., either end may be the inlet or the
outlet as indicated by the alternative in parenthesis.

The novel features that are considered characteristic
of this invention are set forth with particularity in the
appended claims. The invention will best be understood
from the following description when read in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a longitudinal section taken along line 1—1
in FIG. 2 of a stacked-disc structure in a housing for use
as a filter or valve noise silencer.
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FIG. 2 is a cross section taken along a line 2—2 in
FIG. 1 showing iiic cichied face vt une of the stacked
filter discs, and the manner in which the stack is held by
a housing.

FIG. 3 is a longitudinal section of the filter housing
alone.

FIG. 4 is a cross section of the filter housing taken on
a line 4—4 in FIG. 3.

F1G. 5 shows perspective views (front and back) of a
spacer at one end of the housing which allows fluid to
flow through spaces between lobes of stacked discs, and
from there to flow through the discs into the hollow
core of the stacked discs and out the other end.

FIG. 6 is a plan view of the face of the spacer shown
in FIG. 5.

FIG. 7 is a cross section of the spacer taken on a line
7—7 in FIG. 6.

FIG. 8 illustrates the manner in which discs are first
stacked with lobes aligned by placing the discs on a
mandrel having three axial grooves for receiving three
keying projections on the inner edge of the discs.

FIG. 9 is an enlarged plan view of the etched face of
a disc.

FIG. 10 is an enlarged fragmentary view of a portion
of a disc indicated in FIG. 9.

FIG. 11 is a cross section of a disc taken on a line
11—11 in FIG. 10.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1 of the drawings, which shows a
longitudinal section taken on a line 1—1 in FIG. 2, a
stacked-disc structure assembled in accordance with the
present invention is comprised of: a hollow cylindrical
housing 10 shown by itseif in FIGS. 3 and 4; two end
plates 11 and 12 through which fluid flows into and out
of the filter; stacked discs 13; and a spacer 14 of the form
shown in FIGS. 5, 6 and 7 which causes fluid that enters
through the end plate 11 to flow into spaces between
the filter element formed by the stacked discs and the
housing. The fluid then flows between the disc through
a ‘pattern of passageways etched on the face of each
disc, and then through the open center-of the stacked
discs and out of the end plate 12. This direction of flow
llustrated in FIG. 1 is for convenience of explanation;
in practice the flow could just as well be in the opposite
direction with the same effectiveness.

The discs are essentially annular, but are scalloped
around the outer edge to very near the inner edge to
form lobes 13a. The discs and the pattern for the pas-
sageways are produced by etching the discs out of metal
foil from the back and etching the pattern of passage-
ways on the front of each disc, i.e., by etching the front
of each disc in each lobe to a controlled depth except
for rectangular areas spaced along the outer edge of the
lobes with the length of each area disposed at an acute
angle with the center line of the lobe. As will be noted
more fully hereinafter, each rectangular area (land) is
preferably provided with a full radius at each end to
minimize turbulence in the flow of fluid between the
lands. The spacing between the lands is not critical
because when used in a filter element the size of the
particles that may flow through the passageways is
determined by the depth of the etch, i.e., by the height
of the lands, and not the width of the passageways.

The discs are stacked with the lobes aligned to form
a fluted cylinder in a manner to be described more fully
hereinafter with reference to FIG. 8. The inner wall 15
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of the housing 10 is also fluted as shown in FIGS. 3 and
4-to receive the ends of the lobes 13 as shown in FIG.
2. That arrangement leaves ample space between the

lobes of the stacked-disc structure and the housing for

fluid to flow the full length of the housing. Fluid enters
the end plate 11 through an aperture 11a, and around
lands 14a (FIG.'5) of the spacer 14 into the spaces be-
tween lobes of the stacked-disc structure. At the end of
the element, the fluid in the space between -the fluid
structure and the housing is blocked by the end plate 12.
Instead the fluid flows through passages etched on the
face of each disc. The fluid then flows into the open
center of the filter element and from there through an
aperture 12« in the end plate 12.

As just noted above, the purpose of the spacer 14 is to
provide .a baffle in the housing to cause fluid which
flows into the housing through the end plate 11 to flow
into the. spaces between the lobes of the stacked-disc
structure- and the housing 10. FIG. 6 illustrates the
spacer as viewed by the fluid which flows in and around
the axis of the spacer and then radially out through
spaces between lands 14a of the spacer. The spacer is
scalloped .in exact conformance with the scalloped
outer edge of the discs, as may be better appreciated by
comparing the outline of the spacer 14 shown in FIG. 6
with the outline of a disc shown in FIG. 9 to the same
scale. Consequently, it is evident that fluid which flows
between lands 14q of the spacer will flow into longitudi-
:nal spaces formed by lobes of the stacked discs and the
housing. :

~To stack the discs, a.collar 16 shown in FIG. 8 is first
placed over a mandrel 17, one end of which is provided
‘with a handle 18. The mandrel has three longitudinal
slots 17g positioned to receive three keying projections
13b of the discs. This keying is required while stacking
the discs to align-the lobes of the discs and to be sure

—

o]

that each:disc added to the stack is placed with its .

etched face in the same direction. ‘

Once the stack has been completed on the mandrel, it

is.inserted into. the housing 10 having the end plate 12
already welded in place. The mandrel is slightly longer
than the housing to facilitate stacking the discs since,
‘until “loaded,” the loosely stacked discs will occupy
more space. Once the stack is inserted into the housing,
the collar 16 is used to push all of the discs into. the
housing. Note that the collar 16 has a reduced diameter
portion 16¢ which will fit into the space inside the hous-
ing to be occupied by the spacer. Then the mandrel 17
is extracted, using the collar to hold the stacked discs in
‘the housing. Then the collar is removed and the spacer
14 is inserted with the lands 144 facing away from the
discs. The other side of the spacer 14 has a centered
portion 14b that is threaded.
.. The threaded portion 14b of the spacer receives a bolt
(not shown) inserted through the other end plate 12.
When the bolt-is.tightened (turned into the threads of
the spacer), it pulls the spacer 14 toward the end plate
" 12 to load (compress) the stack of discs. In practice, a
cap (not shown) is placed over the end plate 12 in order
for the force of the bolt to be applied directly to the end
plate 12, rather than to the plate 12 through a boss 125
into which an outlet pipe (not shown) is welded. While
the stack of discs is still under load from the bolt, the
" other end plate 11 is placed against the spacer 14 and
welded. Once that is accomplished, the bolt is removed,
and assembly .of the filter is complete. A boss 115 is
provided on the end plate 11 for an inlet pipe.
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The result of this assembly is a stack of filter discs
held under pressure by the welded end plates and sup-
ported at the outer ends of the lobes of the stacked discs.
This arrangement eliminates the central support core
required by the prior-art arrangement disclosed in the
aforesaid U.S. Pat. No. 3,397,794, and instead provides
a hollow core defined by the inner edges of the stacked
discs in a manner similar to the aforesaid U.S. Pat. Nos.
3,648,843 and 3,827,568, but with a significant increase
in the total area devoted to passage of fluid and a signifi-
cant decrease in restriction to fluid flow. This is accom-
plished by scalloping each of the discs along the outer
edge and etching one face in a pattern which leaves an
array of lands 13c along the scalloped outer edge, as
more clearly shown in FIGS. 9 and 10. the lands are
essentially rectangular, but rounded at each end with a
full radius for smoother flow of fluid around the lands.

The length and width of the lands are not critical, but
it is preferable for each land to be longer than it is wide.
The spacing between lands is also not critical; a spacing
about equal to the width of the lands is adequate. For
filter applications, it is the depth of the etched passage-
ways that determines the size of particles to be filtered.
In practice, the depth of each etched passageway will
be much smaller than the width, as shown in FIG. 11, so
that only the depth of the etch will control the size of
the particles filtered. The depth of the etch can be con-
trolled to a high degree of accuracy (in the micron
range of at least 1 to 35 microns) using conventional

- photoresist techniques commonly used in the semicon-

ductor industry by simply controlling the time and
temperature of the etching.

The pattern of lands along the scalloped edges of the
disc more than doubles the total surface area around the
disc through which passages may be provided in a disc
of predetermined outer diameter. As a-consequence,
more than half that total area may be devoted to lands,
and still have a total area devoted to passageway for
fluid about equal to or greater than the total circumfer-
ential area of the disc. In that manner the total fluid
passage is maximized. Filtering in this arrangement is
affected not by trapping particles but by restricting the
particles at the entrance between filter discs, so the
passages may be straight for minimum impedance to
fluid flow, which results in minimum pressure drop of
fluid through the stacked-disc structure.

In the preferred embodiment disclosed, eight lobes
are provided for each disc such that the center line of
each extends along 45° radial lines, and the lands are

_oriented with their lengths at 45° with the center lines of
. the lobe (as shown in FIG. 10), but that is not essential.

Any number of lobes may be provided and the lands
may be oriented at any convenient acute angle. The
flow between lands is thus angled toward the center line
of the lobe and the center of the stack.

The lands 13c¢ along the serpentine edges of the discs
are aligned in the stack so that the loading pressure is
transferred from one disc to the next only through the
lands, and no pressure is applied to the disc in the space
between the lands. The webs between the lands thus
serve only to block the passage of particles. If only the
web between the lands were left, and all other material
in the lobes 13a were etched out, the stacked-disc struc-
ture would function as intended, but only at low pres-
sures. At high pressures, the discs (which are then more
serpentine than annular) may collapse inwardly. Once
that occurs, the discs become disarrayed with large
gaps between them. To prevent failure of such a
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stacked-disc structure at high pressure; a-web 134 is left
between the lands 13c¢ along the serpentine edge of the
lobes 13a of the filter disc 13, as shown in FIG: 10. Note
that a large area (triangular) land 13e is left on the tip of
each lobe to effectively. clamp the tips of the lobes in the
stack. That aids the web 134 to prevent any collapse of
the stack. Note also the large area.(keystone shaped)
lands 13/ (FIG. 9) between the lobes 13a which are left
to effectively clamp the discs between the lobes. These
areas of the disc between the lobes may be reinforced by
leaving some web behind it, i.e., between the lobes, but
that should always be a minimum since any web re-
tained in those areas decreases the area of fluid flow
along the outside of the stacked-disc structure.
This stacked-disc structure may be readily used-to
reduce valve noise by connecting it at the inlet of the
valve housing, or incorporating the stacked-disc struc-
ture in the valve housing. To incorporate the stacked-
disc structure in the housing of a valve, the valve seat
may serve as the outlet of the stacked-disc structure.
The valve stem may then pass through a seal in the
valve housing directly opposite the valve seat, which is
to say in the plate 11. An inlet could then be incorpo-
rated into the plate 11 next to the valve stem seal. In that
case the hollow core should be of sufficient diameter to
provide full passage for fluid flow with the valve stem
inserted, i.e., the cross section:of the hollow core should
be increased by an amount equal to the .cross section
area of the valve stem.
Although particular embodiments of the invention
have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art. Consequently, it is
intended that the claims be interpreted to cover such
modifications and eqmvalents
What is claimed is:
1. A stacked-disc structure comprising
a stack of annular discs shaped around their outer
edge to provide lobes, each disc being etched in
one face to provide lands that define straight pas-
sageways in each lobe from the outer edge into a
common passageway extending from near the tip
of the lobe to a hollow core, each of said discs
being stacked to place the etched face thereof
against an unetched face of the next disc, and with
said lands aligned,
housing means for retaining said stacked discs within
an enclosure by the tips of their lobes, leaving
spaces between lobes for fluid flow through said
housing means, said housing means including aper-
tures. for fluid into and out of said housing means,

means at one end of said stack of annular discs for
permitting fluid to flow freely only into said spaces
between said stack and said housing means, and

means at the other end of said stack of annular discs
for preventing fluid flow from exiting said spaces
between said lobes and said housing means except
through straight passageways and common: pas-
sageways between discs, and then through said
hollow core.

2. A stacked-disc structure as .defined ‘in cla1m 1
wherein said hollow core is of such a size as to provide
space for fluid flow at least equal to or greater than the
sum of spaces between lobes of said stacked discs, and a
sufficient number of discs are stacked to provide a total
cross sectional area of passageways between lands at
least equal to or greater than the sum of spaces between
lobes. .
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3. A stacked disc structure as defined in claim 1 or 2
for use-as a'filter wherein sdid passageways in said lobe
are etched to a depth effective in filtering a specific size
particle from said fluid flow.
- 4. A stacked-disc structure comprising
a stack of-annular discs, each disc having a: substan-
- . tially circular opening in the center and an outer
edge that fluctuates in distance:from said circular
opening in the center to provide tips at the outer
edge of said fluctnations, each disc having a face
identically etched to a predetermined depth except
for elongated areas extending inwardly around said
- perimeter to a limited extent, thereby leaving
aligned lands in the stack of discs with passageways
for fluid between lands of each disc,
a housing for said stack of discs, said housing having
" an'inside surface fluted shallowly to conform to the
tips of the disc fluctuations thereby to secure said
discs in an -aligned relationship, and leave spaces
‘between tips of said stack of discs and said housing,
i+ said housing including apertures for fluld ﬂow into
and out of said housing;
mieans at one end of said:stack -of* annular discs for
permitting fluid to flow only into said spaces be-
“tween said'tips of said stack of dlSCS and sald hous-
“ing, and-
means at'the other end of said stack of annular discs
for preventing fluid flow from exiting said spaces
between said tips of said stack of discs and ‘said
housing except through passageways between
lands of said stacked discs and said substantially
- - circular opening at the center of said stack of discs.
5 A :stacked-disc ‘structure as defined in claim 4

‘'wherein said discs are provided with large area lands at

the tips-and large area lands in the narrow portions

. thereof between ‘said tips to share said axial load with

40

‘the aligned peripheral lands whxch prov1de passage-

ways for fluid.
6. A stacked-disc structure as deﬁned in claim 4or §

““wherein said fluctuations’ are- substantially sinusoidal,
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thereby providing lobes with rounded tips and curved
narrow portions between tips.

7. A stacked-disc structure as defined in claim 6
wherein said peripheral lands along each side of each
lobe between the tip thereof and a narrow portion are
parallel elongated lands each disposed at an acute angle
with a center line of said lobé to provide ‘fluid flow
toward said center line and toward the disc center.

8. In a stacked-disc structure, the combination of

--a stack-of annular discs, each disc being scalloped
along -its outer edge to-form a plurality of lobes
which are aligned in the stack, each disc being
etched on one face to form spaced apart lands
along the edge of said lobes, whereby the etched
face of a disc against the unetched back of the next
disc in the stack forms passageways between the
lands for the flow of fluid from spaces between
lobes outside said stack to the hollow core msnde
said stack,

housing ‘means for supporting said stackof discs at

the tips of said lobes and for provxdmg a spaces
between lobes for fluid flow, =

a first plate at one-end-of said stack of discs with an

- -aperture for free flow of fluid from the hollow core

of said stack of discs to the outside of said housing
" means, said first plate cooperating with said hous-
ing means to ‘prevent fluid flow from said spaces
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between lobes to the outside of said supporting and
housing means,

a second plate at the other end of said stack of discs
with passages for free flow of fluid into said spaces
between lobes outside said stacked discs from the
outside of said supporting and housing means, and

a spacer tight between said second plate and said
stacked discs, said spacer being circular with a
scalloped edge conforming to and aligned with said
lobes of said stacked discs, and having lands on the
side thereof opposite said stacked discs, one land
aligned opposite each lobe of said stacked disc,

10

whereby fluid passing through said second plate
also passes around said lands of said spacer and
through said spaces between said lobes of - said

stacked discs.
9. The combination as defined in claim 8 wherein said
etched passages are in the range from 1 to 35 microns.
10. The combination as defined in claim 9 wherein
each disc is made of any metal which can be formed into
10 foil and chemically etched to a desired shape and depth

and thereby provide the desired pattern of lands.
* * * * *
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