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energy. The energy manifests itself as the kinetic energy of
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Whil e turbulence is the chaotic notion of a fluid, there is nonmentary
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pressure of a fluid. Adjustable flow restriction devices, such as flow control valves and

fluid regulators, and other fixed fluid restriction devices, such as diffusers, silencers, and
other back pressure devices, are utilized for this task. The purpose of the fluid conirol

15 valve and/or other fluid restricting device in a given application may be to control fluid
rate or other process variables, but the restriction induces a pressure reduction inherently
as a by-product of its flow control function.

Pressurized fluids contain stored mechanical potential energy. Reducing
the pressure releases this energy. The energy manifests itself as the kinetic energy of the

20 fluid--both the bulk motion of the fluid and its random turbulent motion. While
turbulence is the chaotic motion of a fluid, there is momentary structure in this random
motion in that turbulent eddies (or vortices) are formed, but rapidly break down into
smaller eddies which in turn also break down, etc. Eventually viscosity damps out the
motion of the smallest eddies and the energy has been transformed into heat.

25 Pressure and velocity fluctuations are associated with the turbulent fluid
motion that act upon the structural elements of the piping system, causing vibration.
Vibration may lead to fatigue failure of pressure retaining components or other types of
wear, degradation of performance, or failure of attached instruments. Even when not
physically damaging, vibration generates air-borne noise that is annoying to or may

30 damage the hearing of people.



Vibration may lead to fatigue failure of pressure retaining conponents or
ot her types of wear, degradation of performance, or failure of attached

I nst r umrerwe.03@wan7 when not physical |y damagi ng, vi brati oRCyarser/z04es

ai r-borne noise that is annoying to or may 30 danmage the hearing of

peopl e. WD 03/016767 PCT/ US02/ 22472 -2 In industrial applications

i nvolving liquids, the chief source of ndAse, vibration, and damage from
the pressure reduction_of liquids is cavitation, Cavitation is caused in a
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reduction in the fluid. One device using stacked disks has tortuous fluid
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traverses frRm dRf|atid.et to the outlet. In such devices, it is
Currently there are available fluid control valves containing a valve trim
in the form of stacked disks forming a fluid pressure reduction device. The stacked disks
15 define a plurality of fluid flow passages designed to create a pressure reduction in the
fluid.
One device using stacked disks has tortuous fluid flow paths formed
therein. In this device, each of the fluid flow passages is designed with a series of
consecutive right angle turns so that the fluid flow changes directions many times in a
20 tortuous pé.th as the path traverses from the inlet to the outlet. In such devices, it is
intended for each right angle turn to produce a discrete pressure drop, so that the tortuous
path produces amulti-stage pressure reduction. Inreality, however, it has been found that
the intermediate right angle furns in the flow passages do not effectively create a
restriction for staged pressure reduction. In addition, the pressure reduction created by
25 the tortuous path is unpredictable since the pressure reduction effected by each right angle
turn is not known. Furthermore, it has been found that the right angle turns may generate
pressure and mass flow imbalances and flow inefficiency. The pressure imbalances may
lead to the creation of low pressure areas within the device where the fluid momentarily
drops below the vapor pressure and subsequently recovers, thereby creating cavitation

30 and causing damage. Flow imbalances affect the pressure drop and fluid velocity through



intended for each right angle turn to produce a discrete pressure drop, so
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SUMMARY OF THE INVENTION

15 In accordance with certain aspects of the present invention, a fluid

pressure reduction device is provided comprising a plurality of stacked disks having a
perimeter and a hollow center aligned along a longitudinal ax15 Each disk has at least
one flow path extending between the hollow center and the perimeter, the flow path
including an inlet section, an outlet section, and an intermediate section extending
20 between the inlet and outlet sections. Each flow path intermediate section includes a
pressure reducing structure and a recovery zone positioned immediately downstream of

the pressure reducing structure.
In accordance with additional aspects of the present invention, a fluid
pressure reduction device is provided comprising a plurality of stacked disks having a
25 perimeter and a hollow center aligned along a longitudinal axis. Each disk has at least
one flow path extending between the hollow center and the perimeter, the flow path
including an inlet section, an outlet section, and an intermediate section extending
between the inlet and outlet sections. Each flow path intermediate section includes a
restriction and an associated recovery zone positioned immediately downstream of the
30 restriction, wherein the restriction directs flow substantially toward a center of the

associated recovery zone.



pressure reduction device is provided conprising a plurality of stacked

di sks having a perineter and a hollow center aligned along a |ongitudinal
axi s. EacwodB®ks7hms at | east one flow path extendi ng bet wegrusohz4mnl | ow
center and the perineter, the flow path including an inlet section, an
outlet section, and an internedi ate section extending 20 between the inlet
and outlet sections. Each flow path int effmedi ate section includes a
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advances fromthe inlet section to the outlet section.
path including an inlet section, an outlet section, and an intermediate section extending
between the inlet and outlet sections, the second flow path having an inlet section, an
15 outlet section, and an intermediate section extending between the inlet and outlet
sections. The second flow path intermediate section and first flow path intermediate
section cross at an intersection, and each of the first and second flow path intermediate
sections includes a recovery zone downstream of the intersection.

In accordance with yet additional aspects of the present invention, a fluid

20 pressure reduction device is provided comprising a plurality of stacked disks having a
thickness and defining a perimeter and a hollow center aligned along a longitudinal axis.
Each disk has at least one flow path extending between the hollow center and the
perimeter, the flow path including an inlet section, an outlet section, and an intermediate
section extending between the inlet and outlet sections. Each flow path extends across

25 the entire thickness of the disk to provide a through-cut flow path, each through-cut flow
path dividing the disk into at least first and second blank portions.

In accordance with certain aspects of the present invention, a method of
asserbling a fluid pressure reduction device is provided comprising forming a plurality
of disks having at least one flow path extending between a hollow center and a perimeter

30 of the disk, each flow path including an inlet section, an outlet section, and an

intermediate section extending between the inlet and outlet sections, the flow path



In accordance with still further aspects of the present invention, a fluid
10 pressure reduction device is provided conprising a plurality of stacked
di sks hawog3ale7peri meter and a hol |l ow center aligned al orgTaShpeayir: udi nal
axis. Each disk has first and second flow pat hs extendi ng between the

hol | ow center and the perinmeter, the first flow path including an inlet
section, an outlet section, and an interredi ate section extendi ng between
the inlet and outlet sections, the second flow path havk@%:an i nlet
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I n accordance with certain aspects of the present invention, a nethod of
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15 FIG. 2 is a plan view of an annular disk which may be used to form each

of the stacked disks in FIG. 1;

FIG. 3 is a plan view of an alternative embodiment annular disk having
restrictions to create multi-stage pressure reduction;
FIG. 4A is aplan view of yet another alternative embodiment annular disk

20 for creating multi-stage pressure reduction including a bridge in the form of an inner ring;

FIG. 4B is a plan view of a disk embodiment similar to FIG. 4A, wherein
the annular disk includes a bridge in the form of an outer ring;

FIG. 4C is aplan view of a disk embodiment similar to FIG. 4A, wherein
the annular disk includes two bridges in the form of inner and outer rings;

25 | FIG. 4D is a plan view of a disk embodiment similar to FIG. 4A, wherein
the annular disk includes a first bridge in the form of an inner ring and a second bridge
in the form of a plurality of tabs;

FIG. 5 is perspective view of five disks as in FIG. 4 shown in a stacked
assembly;

30 FIG. 6 is a plan view of an alternative embodiment annular disk which

allows flow to adjacent stacked disks;



a first bridge portion extending between the first and second bl ank
portions. The disks are stacked along an axis and secured together to form
a stackedwaoioski@ssenbly. The first bridge portion of eaclrCditsk2/22371 he
stacked di sk assenbly is then renoved. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
The features of this invention which are _believed to be novel are set forth
wth particularity in the appended cl ai A€ The invention may be best
understood by reference to the follow ng_description taken in conj tion
with the accorrpanyl ng F1G- Glsamergectiveryisi pErehtdisks peindilene e Adfas e
identify lik ﬁ{@pents in the several figures and in which: FIG 1 is a
cross-secti 6na ew illustrating a fluid control valve containing a valve
trimin the form of stFaGketk shkksidwonamgtcndtiveicthbotdissi tenuladlisk havinglevi ce
in accordance with the teachings of the present invention; 15 FIG 2 is a
pl an vi ew ofintgiseeiimgiflar pafhgiendhi ch may be used to formeach of the stacked
disksdn FIG 1; FIG I I q nul ar
di sk h5laV| ng restrict |F§(r%s§%saa@?@g %st%ﬁlﬁﬂg%ea&%é%g@ﬁggmﬁ{é@& %IWI G 4A
is a plan v|aqupf,atua¢lt}ﬁmnip@gs@mmremat|ve enbodi nrent annul ar di sk 20 for
creating multi-stage pressure reduction including a bridge in the form of

an inner ring; FIG 4B is a plan viewof a dISk enbodlrrent simlar to FIG
4A, wherein the =

ring; FIG 4Cis
wherein the annul ar dle&“&rnh@% FIt@Sl TtM@e L’brllldgtﬁf@ed z[lﬂmh@)rés@ﬁﬂélr@duchaﬂﬁéwa@d
outer rings; 25 FIG 4D is a plan view of a disk enmbodinent simlar to FIG
4A, wHer ei n in a¢rerdanaeiwith thi I-stkncilpiéﬁf eidhe presqit invenbien idbe foamafa vebierpags 14n

i nner ring %Q%n% asp rl.lgy lo)f 5ad&d cf1s'1<s 8 n];gurn@:do w1tﬁ1npI Hul%l ohtol® aI\; PZS The

stacked disks are concentric about an axis 29. Fluid control valve 12 includes a valve

body 14 having a fluid inlet 16, a fluid outlet 18, and a connecting passageway 20
through the valve body. While the fluid flow from the inlet 16 to the outlet 18 is
15 described herein as proceeding from the left to the right as shown by the arrow in FIG.
1, it will be appreciated that the fluid may flow in the reverse direction (i.e., from the
right to the left) without departing from the teachings of the present invention.
A seat ring 22 is mounted within the valve body passageway 20 and
cooperates with a valve operating member 24 to control fluid flow into the interior and
20 through the exterior of the valve cage 10. The valve cage 10 may be maintained within
the valve by conventional mounting means such as a cage retainer 26 and mounting bolts
28 engaging the valve bonnet portion of the valve in a known manner. A series of weld
beads 30 on the outside of the valve cage 10 securely maintains the disks in an assembled
stack. In a constructed preferred embodiment of the invention, each individual disk is
25 coated with a nickel plating. The nickel plated disks are assembled into a stack which
is placed in a fixture and subjected to a suitable stack loading and temperature to fuse the
individual plated disks to each other. In other embodiments, the disks may be brazed or
welded together. For large disks, a series of bolts or other types of mechanical fasteners
may be used to securely maintain the stacked disks assembled.
30 The valve cage 10 includes a plurality of the stacked disks, each of which

is identical to a disk 32 as shown in FIG. 2. The disk 32 includes a hollow center portion



FIG 5 is perspective view of five disks as in FIG 4 shown in a stacked
assenbly; 30 FIG 6 is a plan view of an alternative enbodi nent annul ar
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PCT/ US02/ 22472 -6 FIG 7 is a perspective view of eight disks as in FIG 6
shown in a stacked assenbly; FIG 8 is g pl an view of an alternative
enbodi nent annul ar di sk having i ntersectl ng flow paths; and 5 FIG 9 is a
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concentric dboietsactiondd todhe qytlst seciigh f2 oW heriapddepsicaldisk ja stacked,om tor of hody

14 having a eway
20 trs ongh TS 2P vaSadfa Gcidtf @exEhat rou T s SaARHASHN BbERAAGTS
outlet 18 i Sdl§l<5shdﬁf$a(3ﬁ Fl@. CiZ)J‘iEWﬁl be &previneeibdi the fbwamiishie atednitirdlp cohigined ght
as shown by the arrowin FIG 1, it wll be appreciated that the fluid may

Ij lowin t h$ vidhia each disk 32t Inguch po embodipent, epeh flow gath 38ds P‘Piéldle@f’YPnWthout
t t
roont ed wi ¢ Y Fran pSRG SR, Sha baS BOARRE e LACRL B0 Qe fleott M2, ©
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the exterior of the valve cage 10. The val ve cage 10 may be nmi nt ai ned
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and mount i n gthlcﬂness of the disk to provide a through-cut flow path. The through-cut flow paths may

be formed by any one of several well-known techniques, including laser cutting. In
addition, the flow paths 38 may be provided in a form other than through-cut passages.
For example, the flow pathsw 38 may be formed as grooves or channels formed in the .
15 detsk 32.
Each flow path 38 is shaped to increase the amount of drag exerted on the
fluid. In the embodiment shown in FIG. 2, the intermediate section 44 of each flow path
38 is formed in a general spiral shape. The spiral shape maximizes the length of the flow
path 38 as it travels from the inlet section 40 to the outlet section 42. The initial width
20 of the flow path 38 may be selected to ensure that the fluid quickly attaches to the inner
and outer walls 46, 48. In the preferred embodiment, the width of each flow path 38 may
gradually expand to control the velocity of the fluid as the pressure is reduced.
In addition, the flow paths 38 are shaped to reduce noise and cavitation.
In this regard, the flow paths 38 avoid closely spaced or consecutive abrupt changes in
25 direction, defined herein as an included angle of ninety degrees or less between adjacent
flow path portions. In the embodiment illustrated in FIG. 2, each flow path 38 is formed
in a gradual curve without any sharp angles formed between adjacent portions of the path.
It will be appreciated that, if a reference line 50 were drawn from the disk
axis 29 and a flow path inlet section 40, any portion of the flow path 38 that extends at
30 an angle to the reference line will increase the length of the flow path 38 as it travels from

the inlet section 40 to the outlet 42. Any such additional flow path length will increase



28 engagi ng the val ve bonnet portion of the valve in a known manner. A
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15 adjacent flat leg portions 70a-c is greater than 90° (i.e., does not form an abrupt direction
change as deﬁned herein). The pressure reducing structures, such as restrictions 74, 76,
provided in the intermediate section 70 may create discrete pressure drops and may orient
downstream fluid flow. In the illustrated embodiment, the restriction 74 is formed by an
inner ridge 78 formed in an inner wall 80 of the flow path 62 and an outer ridge 82

20 projecting from a flow path outer wall 84. Similarly, the restriction 76 is formed by an
inner ridge 86 formed in the inner wall 80 and an outer ridge 88 formed in the outer wall
84. Tt will be appreciated that the restrictions 74, 76 may be formed by a single ridge
formed in either the inner or outer walls 80, 84, or in any other manner that effects a
pressure reduction.

25 Immediately downstream of each restriction 74, 76 is a recovery zone 90,
92, respectively. The recovery zones 90, 92 do not have any restrictions, abrupt direction
changes, or other pressure reducing structure therein. As aresult, the recovery zones 90,
92 allow the fluid to reattach to the inner and outer walls 80, 84 of the flow path 62 so
that pressure reducing drag once again acts on the fluid. The recovery zones 90, 92 also

30 allow for a more predictable pressure reduction through the following restriction so that

pressure levels may be more accurately controlled to avoid dropping below the vapor



15 dei sk 32. Each flow path 38 is shaped to increase the anount of drag

exerted on the fluid. In the enbodi nent shown in FIG 2, the internediate
section MooB/oedeh flow path 38 is formed in a general spcralsoztape. The
spiral shape maxim zes the length of the flow path 38 as it travels from
the inlet section 40 to the outlet section 42. The initial wdth 20 of the
flow path 38 may be selected to ensure t‘ngf the fluid quickly attaches to
the inner and outer walls 46, 48. In the preferred enbod'imen the width
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to reduce nolrsé an ation. I'sS regar ow paths 38 avoid

cl osely spacegh willconhedlovw yaha0r Ut a ssalngesué mult2Stage fkned pressurel efdunéoh
herein as an included angle of ninety degrees or |ess between adjacent flow
pat h porti ondevicaisttievidahodi nent illustrated in FIG 2, each flow path 3 8

is formed in a gradualyg 1 I L8 1ved
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any portion of the flow path 38 that extends at 30 an angle to_the
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di sk 60 i s shown havi ngllid wutlet sections “72 are positioned and oriented to minimize
convergence of fluid exiting from adjacent outlet sections 72. In the embodiment of FIG.
15 3, the outlet sections are spaced about the periphery of the disk 60. In addition, adjacent
outlet sections are directed away from one another, so that fluid exiting the adjacent flow
paths 62 diverges.
Referring to FIG. 4A, an annular disk 100 is shown which is quite similar
to the annular disk 60 of FIG. 3. One of the main differences, however, is in the shape
20 of the intermediate section 70 of each fluid path 62a-c. Instead of being flat, as shown
in FIG. 3, the leg portions 70a-c of the current embodiment have a gradual curve so that
the flow path 62a-c more closely resembles a spiral. .
The flow paths 62a-c of the annular disk 100 of FIG. 4A also include
restrictions 74, 76, 77 for producing staged pressure drops. Flow paths 62a and 62c are
25 shown with restrictions formed by first and second ridges projected from opposite flow
path walls, similar to the embodiment of FIG. 3. Flow path 62b, however, illustrates
alternative restrictions that may be used. Restriction 74b, for example, is formed by a
single ridge projecting from one of the flow path walls. Restriction 76b is formed by
offset ridges 79a, 79b projecting from opposed flow path walls. In addition to being
30 offset, the ridges 79a, 79b have different profiles. For example, ridge 79b projects farther



fl ow paths 62 which produce nulti-stage pressure reduction. Each di sk 60
has a hollow center 64 and a perinmeter 66. Each flow path 62 extends from
an inl et wewsiood’6B8 | ocated 10 near the-hollow center 64, PChrusazyesan
internediate section 70, and to an outlet section 72 positioned near the
perimeter 66. In the enbodinent illustraygd in FIG 3, the internediate
section 70 of each flow path 62 is forned as a series of flat |eg portions

70a, 70b, and 70g, The, le ' . , ' '
o'l owi ng o Prededis’ P fideRls 7ofaTnd Wi dRa REatt bRy EERADY
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i nner and outer s 80, 84 of the flow path 62 so that pressure reducing
drag once agakmefistas the idree rinkgui The Fiter ring dW8rig thememord ogpe e isks 258 | ow
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15 cage. Still further, the bridge may be provided in the form of one or more tabs 106 (FIG.

4D) extending between adjacent blank pieces 104. The tabs 105 are removed after the
disks are assembled. In any of the foregoing embodiments, the bridge may be removed
by any known means, such as by honing, grinding, or machining.
The above-noted bridge is not necessary for alternative flow path
20 constructions, such as grooves or channels, where individual blank pieces are not created.
In such alternatives, the flow paths 38 may be formed during casting or formation of the
disk, etched into the surface of the disk, or in any other suitable manner.
FIG. 5 provides a perspective view of a plurality of stacked annular disks
100. From FIG. 5, it will be appreciated that adjacent armular disks 100 may be rotated
25 with respect to each other to create the flow paths 62. In the illustrated embodiment, the
inner rings 102 of the stacked disks 100 have not yet been removed to expose the inlet
sections 68 of each flow path 62.
Referring to FIG. 6, an alternative embodiment annular disk 110 is shown
in which each fluid flow path 62 traverses more than 1 disk. In the illustrated
30 embodiment, the intermediate section 70 includes an upstream portion 112 having an exit

end 114 and a downstream portion 116 having an entrance end 118. As shown in FIG.



pressure of the fluid. Still further, any pressure reducing structures

| ocated downstream of the recovery zone will be nore effective since the

fluid fl owmoios/ood16e again attached to the walls of the fl eeTaspizB822 As a

result, a true nmulti-stage fluid pressure reduction device is provided. 5
The flow path 62 geonetry upstreamof the restrictions 74, 76 may work in
concert with, the shape and size of the testrictions 74, 76 to orient the

flowin the recovery zones, thus avoi di ng | arger recirculation zones. As
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each fluid path 62a-c. Instead of being flat, as shown In FIG 3, the leg
porti bhs 70aflaw phtht prationd d @ Amcledes adicoesery Bone120 gnmddiately dowestisemt ¢fdhe t he
fl ow path 62a-c nor losely resenbl e piral. The fl.o t. 2a- ¢ of
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restrictions formed by first and second ridges projected from opposite flow
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'ITustrates pressure drop created thereby is more predictable and the gradual effect of drag is

15 enhanced. In an alternative, the exit and entrance ends 114, 118 may be shaped to effect
a smooth transition from one disk to the next, thereby avoiding the creétion of
consecutive abrupt direction changes.

FIG. 8 shows another disk embodiment having intersecting fluid flow
paths so that the collision of fluid in the paths reduces fluid pressure. The disk 130

20 includes three inlet sections 132 formed at the hollow center 134 of the disk. Each inlet
section 132 may be a common inlet section for two associated flow paths. For example,
common inlet section 132 feeds fluid to flow paths 136, 138. Each flow path 136, 138
has a generally spiral shape from the inlet section 132 to an outlet section 140. Each inlet
section 132 is preferably radially aligned with a center point of the hollow center 134, so

25 that each flow path 136, 138 receives approximately one half of the fluid entering the
associated inlet section 132. Because of the abrupt direction change between the inlet
section 132 and the flow paths 136, 138, recovery zones 142, 144 are provided in each
flow path 136, 138 immediately downstream of the inlet section 132.

Each flow path 136, 138 includes pressure reducing structure in the form

30 of flow path intersections. As each flow path 136, 138 extends toward a perimeter 146
of the disk 130, it intersects with other flow paths. For example, flow path 138 intersects



alternative restrictions that may be used. Restriction 74b, for exanple, is
formed by a single ridge projecting fromone of the flow path walls.
Restrictiwpo03®bs76s forned by offset ridges 79a, 79b proj @criusg2/txem
opposed flow path walls. In addition to being 30 offset, the ridges 79a,
79b have different profiles. For exanple, ridge 79b projects farther WO
03/ 016767 PCT/ US02/ 22472 -10 into the t#ow path than ridge 79a. The

various restriction enbodi nents may be used to . _obtain the desired f| ow
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illustrated in FIG 4C, to further stabilize the disks during assenbly of

t he t¥i m 15 disstpetiosend effgol ppraspure redhicip.dge may be provided in the form of

one or nore tabs 106 (I 4D) ext i .ng,bet ween  adj.acent bl ank pieces
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as by honing, grinding, or machining. The above-noted bridge is not
necessary f dravelingthnenshy@ow peth b3t mayzeachothstinigeserionms 1 5& aeh defllechimovks or
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15 upstream portion of flow path 148 may reach the intersection 150 and deflect into a

downstream portion of the flow path 138, as suggested by arrow 164. Fluid flowing
through these paths, therefore, may experience an abrupt change in direction. While
normally the abrupt change in direction may result in undesirable flow characteristics, the
recovery zones provided downstream of each intersection, such as recovery zone 158,
20 minimize the detrimental effects of such abrupt direction changes and allow the pressure
drop associated therewith to be more predictable. As a result, the desired total pressure
drop through the disk 130 may be more reliably calculated and designed.
Alternatively, the flow paths may be offset prior to each intersection to
reduce or eliminate abrupt direction changes in the fluid flow while still creating
25 additional losses through the action of a fluid shear layer between the two streams. As
shown in FIG. 8, flow path 136 may intersect with flow path 166 at intersection 168.
Upstream of the intersection 168, flow path 136 may include a ramp 170 which directs
fluid flow toward an upper portion of the intersection 168, while flow path 166 may
include a ramp 172 which directs fluid flow toward a lower portion of the intersection
30 168. As aresult, fluid flowing from paths 136, 166 into intersection 168 will continue

along their respective paths, without abruptly changing direction. While the pressure



In such alternatives, the flow paths 38 maybe formed during casting or
formation of the disk, etched into the surface of the disk, or in any

ot her suiwabBmigrenner. FIG 5 provides a perspective vi ewpPefi/usopbural ity of
stacked annul ar disks 100. FromFIG 5, it will be appreciated that

adj acent annul ar di sks 100 nay be rotategZt 25 with respect to each other to
create the flow paths 62. In the illustTtated enbodi nent, the inner rings

102 of the stacked di sks 100 have not yet been renpved to e_xg}ose,the i nl et
sections 68 9P ddehintarisgtiondAS rot Fegredt a5 that assoqmtes] wigh plagariniegsestien 129
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i nt er medi at etig@at.i on 70 i ncl udes an upstream portion 112 having an exit end
114 and a downstream portion 116 having an entrance end 118. As shown in
FIG WD 03/016767 PCT/Rederringzgypto EIG 9;7an grpularghisk 199 shewp hayisg swdtinle nay

formad in a Prrefeiisy” A huhetif e ipRdteto biioe RHGFERRYS AE" *°
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flow from the hollow center through the upstream portion 112 of the first

di sk to the sestian Eheray ba formetiia any of thevharmerstieacribed pbpes with sefersaceipdhe apped

exit and entrance ends 114 118 to the. streamportion 116 of second
i sk, “The t rangns PORCTaRG, ol seont 2 BRLGTA WRBIdS Al ymi e
reduci ng st redgid 92 that el FTrbl 4d debEhCaBSBEW Iduiers A04d i THRGhIBIRICABIURS. TO
mnimze the deleterious effects of the closely spaced abrupt direction

changt®, eachtlgelidtinaesse e newt pbedntasd betivgan thedluihand ihe path wadlsoherehy zone

120 i mredi at.e‘lﬁ% Sdomnl%tr%%%n of the entrance end 118. The recovery zones 120
al l ow the t JPBEFEREE YW N filuid to dissi pate and pronote reattachnent of

the fluid to the flow waib tNepreSent AsscApli®iSisl direcRMD iddMidikg the i Bfdsfiffe
(i.e., a pair) of consecutive abrupt direction changes may be provided, the
reducing device of this invention 1n a throttling fluid control valve, it is understood that
the invention is not so limited. The device may be implemented as a fixed restriction in
15 a pipeline either upstream or downstream of a control valve, or entirely independent of
the location of a control valve.
The foregoing detailed description has been given for clearness of

understanding only, and no unnecessary limitations should be understood therefrom, as

modifications will be obvious to those skilled in the art.



pressure drop created thereby is nore predictable and the gradual effect of
drag is 15 enhanced. In an alternative, the exit and entrance ends 114,118
maybe shapeds3ww7effect a snooth transition from one di skPCo/uSam2213eXxt ,
t hereby avoiding the creation of consecutive abrupt direction changes:
FI G 8 shows anot her disk enbodi nent having intersecting fluid flow paths
so that the collision of fluid in the péi%g reduces fluid pressure. The
disk 130 20_includes three inlet sections 132 forned at the holl ow center
134 of the dVagtlsElaimedds:et section 132 maybe a common inlet section for
two associated flow paths. For exanple, conmmon inlet section 132 feeds
fluid to flow paths 136, 138. Each flow path 136, 138 has a generally
spiral shape from.tAgidpeissetdduoonl@ridecoriprioncl et section 140. Each
inlet section 132 is preferably radially aligned with a center point of
the hol | ow cent era plgwlitysef s%k@dwésk@mmgam rignd 3 Gollawy gepteidigpedalong
'natetﬁhon%ﬁpalf of the fluid entering the associated inlet section
eifyial

appr ox I
132. Becausé QF & t%)riﬁpt di rection change between the inlet section 132

and the flow pat hscH 3Rk hdvig af 1062¥8¢ JlowPBSexiechdingbtfveshehPhdlove@sdtidr an@ach
flow path 136, 138 i medi ately downstream of the inlet section 132. Each

fl ow path 13Be rRguietas] teflopr pafb uneludinguat igetssaction.uare optet: spstionrand 80 of
flow path intersec¢tions. As.each . flow path.136., 1 extends toward a

bori morer 1ABinn e dogor S SR terPRie Bucing bl ERIFRE | 0w pat hs- For
exanpl e, flow patdach 38w phieini&filedia LBV HEM $80ReddddZstruchde ¥hd h a

flow path 148 at intersection 150. Flow path 138 further crosses a flow
path 162 atarieprversenreipositivgead inphedittely, downgixegma phthe peeskure eedvemg stri¢tuig. pat h
136 at intersection 156. Each flow path is provided with sufficient
recovery zones downstream of each intersection. For exanple, flow path 138

is formed with agz, CORRRY pEAARe A8 tRE WORR 0B claith Bfif SRS prteQraRdudiRg. | N

addition, recovery zone 160 is provided between intersections 154 and 156.

structure comprises a pair of abrupt direction changes in the flow path.

15 3. The fluid pressure reduction device of claim 1, in which the flow path

intermediate section comprises a plurality of flat leg portions.

4. The fluid pressure reduction device of claim 1, in which opposing walls of the
flow path intermediate section gradually diverge from one another as the flow path

20 intermediate section advances from the inlet section to the outlet section.

5. The fluid pressure reduction device of claim 1, in which the pressure reducing

structure comprises a restriction.

25 6. The fluid pressure reduction device of claim 5, in which the restriction

comprises a first ridge extending from a first wall of the flow path.

7. The fluid pressure reduction device of claim 6, in which the restriction further
comprises a second ridge extending from a second and opposite wall of the flow path.

30



In operation, it will be appreciated that the fluid passing through the
flow paths will collide at the intersections. The fluid collisions

di ssi pat ewerangyei n the fluid and reduce fluid pressure. PAS/GSOyeI0tt, the
fluid' s own notion is used enhance energy 10 dissipation and effect a
pressure reduction. The flow paths may bﬁs co-planar so that each
intersection creates an abrupt change i direction of the fluid flow At
intersection 150, for exanple, fluid traveling through flow path 138 may
reach the intersettihsfluidpressiae ipdnstiumdeyice of ¢laien 7.4 Wwhishtbehishadg extends
fluid path Li kewi se, fluid in the 15
upstream po:Ttéﬁg%ﬁgﬁow?g?vwﬁ%&%ggn%%ﬁ%' the intersection 150 and
deflect into a downstream portion of the flow path 138, as suggested by
arrow 164. Fluid flowi ng  through these paths, therefore, may experience an
abrupt change in %i Feetpidpresppiereductigp %YIPWOE%@HHBrIEmhI@Hhﬁéﬁt'rang@ﬁopé@ti on
may result ik S| e teri st e_ regcovery.,zones
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m nimze the detrinmental effects of such abrupt direction changes and all ow
the pressure dro&hassoci ated therewith to be nore predictable. As a
result, the desirkld The Avidpiessig eedugiiopdeviceoefgtiainhé, i wkich3achrilpwepator e

reliably cal esigned. JAl.ternativel.y,.the flo at hs may, be
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through the action of a fluid shear |ayer between the two streans,. AS
shownI® n FI Glrugturg,| wherpiatdach peespiry reducarssgoictute tand frbeawepyazinel@dr effects a
i ntersection 168.0d1§£stream of the intersection 168, flow path 136 may

i ncl ude a rapr%ss thﬁe'di rects fluid flow toward an upper portion of the

intersection 168, while flow path 166 may include a ranp 172 which directs
fluid flowtoward a | ower portion of the intersection 30 168. As a result,
fluid flow ng frohh pdbpdluigeresage rediction devics ef telaim 1,68 wihich tloo Aownpath

along their .respeetive pat.hs, w.thout abruptly changing direction. Wile
t he pressur én%gaéf‘@fgcftgofl BEHY Fjé&&f%ﬁ?“ap
15
12. The fluid pressure reduction device of claim 11, in which the inlet section is

aligned along the radial disk reference line and includes an inlet recovery zone.

13. The fluid pressure reduction device of claim 1, in which a downstream

20 portion of the flow path intermediate section comprises first and second sub flow outlets.



- 13 drop at the intersection 168 is not as great as that associated with
pl anar intersection 150, energy in the fluid is dissipated due to shear
forces crwetoanidyy7 t he adj acent fluid flow streans. Referecagsopwsrn Fl G

9, an annular disk 190 is shown having nultiple 5 sub-outlets 192. A flow
path 62 is fornmed in the disk 190 having_ an inlet section 68, an

i nternediate section 70, and an outlet s&@tion 72. The inlet section 68 and
intermediate section 70 may be forned in any of the manners descri bed
above with refer ebbeAtilid peessuyaradycionedaying GEREISINEThe outl et section 72,

Second subl 11 ow otPPBRLY bae i it 2GR Ao Mol LRiglsBlorec o

the amount of |6n@Rudiasl Ketween the fluid and the path walls, thereby
increasing viscous drag. Wiile the present description is directed to
i ncl udi ng the fl utashgiskdeuing at leashone Agwiath edensting betweemihe hollew cemerand

throttLing fluid t | it js.under d.th i ion |
So i Pt ed. PR Bl P P RehRiRteR 20 ool e PR P A,
pi pel i ne ei t hgdrnidBmld RBMPEXSAMNSbERBER b ifleCHH difllet ¥eRtivss;, Or entirely

i ndependent of the location of a control valve. The foredoing detailed
descri pti on has beash figw pathf istermediatenseson fincluding pestridiieryawsh iy assgpidtedo
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plurality of stacked di sks having a perineter and a holl ow center aligned
al ong105 a | ongi tudi nal axis;

15. The fluid pressure reduction device of claim 14, in which opposing walls of
the flow path intermediate section gradually diverge from one another as the flow path

intermediate section advances from the inlet section to the outlet section.

15 16. The fluid pressure reduction device of claim 14, in which the restriction

comprises a first ridge extending from a first wall of the flow path.

17. The fluid pressure reduction device of claim 16, in which the restriction
further comprises a second ridge extending from a second and opposite wall of the flow

20 path.

18. The fluid pressure reduction device of claim 17, in which the first ridge

extends farther into the flow path than the second ridge.

25 19. The fluid pressure reduction device of claim 17, in which the first and second

ridges are offset so that the first ridge is positioned upstream of the second ridge.



each di sk having at | east one flow path extendi ng between the holl ow center
and the perineter, the flow path including an inlet section, an outlet
sect i on, wod3am76T nt er medi at e secti on extendi ng bet ween t IReTIUSOBL2420d

outl et sections; each flow path internediate section including a pressure
reduci ng structure and 10 a recovery zong positioned i nmediately
downstream of the pressure reducing strudfare. 2. The fluid pressure

reduction device of claim1l, in which the pressure reducin%% structure
conprises a pair Y ABf {yid pressuEg Tedrctionadryess ofirlaipk 14, 1BIHEh pachifipvapathn e
fluid pressu ' l: f. ' i i

i nt er medi at egogne@?‘%g%&déﬁ e(r}:és\sﬂé(g[?oggﬁ? ﬁﬂregi%q%e%? Qfﬁ%&?%&%o%%?%yﬁtg&&%? V¥Re
fluid pressusghgmeitiohtdimphediaty dbwest@him of catinrestiictibnowhasinngchvadsirictioh t he
flow path internedi ate section gradually diverge fromone another as the
flow path 2@ireqit pyetbsieatidbctovsid acieates of the aspoeinted; igreiery geng Kl easht he
out | et csectign,.. 5. flui e ed | i of claim1, in which
t he prgssure&?glgg?%@gK%Pﬁﬁg?gé%ﬁﬁgﬁﬁ?%%%é%%hggggﬁ%%@?bn. 25 6. The fluid
pressure reduction device of claimb5, in which the restriction conprises a
first ridge extending froma first wall of the flow path. 7. The fluid

pressure reducti oAl-ddedbiidpressye redictipn danice lof clwdmr ks in wéicthotherflyt path
conprises a second.rid ext endi froma second and opposite wall of the
Frow path. - BOEsk BT BN s 28 o™ "The T I ui d pr essure
reduction device of claim?7, in which the first ridge extends farther into
the flow path than the second ridge. 9. The fluid pressure reduction device
of claim7, in which the first and second 5 ridges are offset so that the

first ridge is positioned upstream of the second ridge. 10. The fluid
pressure reduction device of claim1, in which each flow path



conprises nultiple pressure reducing structures in the internedi ate section
and an associ ated recovery zone positioned i medi ately downstream of each
pressure wedaoiarg7 10 structure, wherein each pressure red®RCTAFOFLMOLL Ur e
and recovery zone pair effects a pressure drop stage. 11. The fluid

pressure reduction device of claiml, in ich the flow path internedi ate
section is curved to forma spiral. 15 12.° The fluid pressure reduction
device of claim1l, in_which the inlet section iis aligned along the radial
di sk reference |i g hiudRepssgesedictiondeyice eeBpEHYSzone. 13. The fluid

pressure reductio ]ﬁgﬁ'- i: 1 I of tion of

the flow path i nte% ne }lgfoefg {sagg‘%cf%%ﬁsghgyr%l iaﬁgﬁ%r?%‘?@ %@‘@Vi?@ﬁ%{%ﬁgﬁeﬁl%

outl ets. WO G3dndifiidmal BGS) US02/ 22472 -16 14. A fluid pressure reduction

devi ce conpri si ng: égl urality of stacked disks having a perineter and a
H 1

hol I ow cent er - al i GACHJIEK BHGne 3 lpashene How Rath exlending baipveenilhoigwiosgteaand east
one flow pat Eﬁlﬁé&ﬁﬁgfepgthgeﬁ& gglélﬁ !?ﬁcl@(ﬁh%%ﬁ’ulﬁfe@ts%&io nd, éut;engsegteorﬂ, eLer; the

flow path in I'ng an rnle ion, & et” section,

i nt er medi at e isteehdédite eedtion @k g dingbebren tieinidd bfd omid seutioh§twikesih bppssingach
flow path internedi ate section including a restriction and an associ at ed

recovery zond3ssf theofew pafiristaraedinle seelipmsdiveramiom oprpanaskarrs ¢hd Bew patter ei n
e e P PSP B, 2, .

associ ated recovery zone. S
claim 14, in which opposing walls of the flow path internedi ate section
gradual |y diverge fromone another as the flow path internediate section

advancids” fr om t he 23nITde f&id prassune gedussion deviee of eleith @8, in which each flow path

intermediate section has a generally spiral shape.

24. The fluid pressure reduction device of claim 22, in which each flow path
intermediate section includes a pressure reducing structure and a recovery zone

15 positioned immediately downstream of the pressuré reducing structure.

25. The fluid pressure reduction device of claim 24, in which the pressure

reducing structure comprises a pair of abrupt direction changes in the flow path.

20 26. The fluid pressure reduction device of claim 24, in which the pressure

reducing structure comprises a restriction.

27. The fluid pressure reduction device of claim 26, in which the restriction

comprises a first ridge extending from a first wall of the flow path.

25
28. The fluid pressure reduction device of claim 27, in which the restriction
further comprises a second ridge extending from a second and opposite wall of the flow
path.
30 29. The fluid pressure reduction device of claim 28, in which the first ridge

extends farther into the flow path than the second ridge.



15 16. The fluid pressure reduction device of claim 14, in which the
restriction conprises a first ridge extending froma first wall of the

fl ow pat wob3/016Tbe fl ui d pressure reduction device of claPerAB2/21@7mhi ch
the restriction further conprises a second ridge extending froma second
and opposite wall of the flow 20 path. 18 _The fluid pressure reduction
device of claim 17, in which the first ridge extends farther into the flow
path than the sec i 9 ol L reduct i devi ce . of
Claim 17 i n it onp pdetRdpresybiedlctn' ot B RIATEHS fy BER BlORR BN R
first ridge isdgeesiddftRresh thpsthe Gashridie idsiRBON dpsticdtof R3NP HELS 7

PCT/ US02/ 22472 -17 20. The fluid pressure reduction device of claim114, in
whi ch each flow path conprises multiple restrictions in the internediate

section and an asspciaf ed r.ecover zone positioned A di at el wnst y eam
of each restricti g%,‘ %eeﬁ idp rgsg%é/rlpg%%opc Vi Ofc??q*l@c% a Iwgwthsel%g Wt?aﬁll y
toward s cent®mpsed htul@sle AreRtRAredBEAY QnctaRREn ARE ifBARedifte 'RSidd &4d @R and

recovery zone pair effects a pressure drop stage. 21. The fluid pressure
reducti on devdsgeciaed recayery 2ane noﬁltmh%lmmﬂgatﬁly&matwm pfaach pesiuae redeiogi on
is curved to forgga %%%Lal. WO 03/016367 Pﬁj/9802/§2472 -18 22. éﬁfluid
pressure redutCERS dEATER GAHRFFSgeauring SFuahite g reeqVapl a6 fng a
peri phery an%m&ﬁﬁydﬁwﬁﬁgater aligned along a longitudinal axis; each disk
havi ng at | east, one fl ow path extendi ng between the hollow center and 5
the perineter, the flow path including an inlet section, an outlet section,

and an internediate section extending between the inlet and outl et
sections, whereih opposing



wal s of the flow path internediate section diverge fromone another as the
flow path internediate section advances fromthe inlet section to the

out |l et sewDiodt16780 23. The fluid pressure reduction devi cecefuset/za4m 22, in
whi ch each flow path internediate section has a generally spiral shape.

24. The fluid pressure reduction device ofyclaim22, in which each flow
path internediate section includes a pressure reducing structure and a

recovery zone 15 W%tﬂﬁaggﬁl{&??ﬂa%&lXevgé)ev%%_h;&%?rg]of the pressure

reduci ng structure. ressure re device of claim24, in

whi ch the pressureaplieditgbfgacked Abksh&/itOaPrirfeer drdiollo®f cealf bidnedialdngt | on
changes in the flow path, 20 26. The fluid pressure reduction device o

claim24, in dfneiuding axise88dire reducing structure conprises a

restriction. 27. The,flui.d pr re r ti devi c f .clai in i ch
the restriction céc])a%%rd fsgélgwglgﬁi?sﬁé?&relc %ﬁ%")‘fg gtﬁﬁ?)ﬁamﬁ?@ﬁ?t‘ge?ﬂtﬂég%"f?e T the
now patB. 25 26 thd perirhétet, thei@SHoi PathedlGding Bn HEMIs6&i o akb@idiefion) dhd¥i ch

the restriction further conprises a second ridge extending froma second
and opposi t e Wéirmegiatesheticn egigndpgbietweo tirdnletans ofuklel sgctpons sesesondfiers patbn

device of claim.28 .in whi.ch the first ridge . extends farther i.nt he flow
path than thehasvé%%’c}nfelt Eeét}?n’\?@o&g?ﬁf%t%ﬁa‘#%ﬁ‘ﬂ%ﬁ'ﬁ%ﬁ%’ﬁﬁ&l@ﬁ&é@ng i d
pressure redugkiigtt AA\GuR: Kktiéhs2i M 28, in which the first and second
ridges are offset so that the first ridge is positioned upstream of the
second ridge. 31. Wherefnth¢ secpndBew pethimeuesdiatesedidan and fiost flotvagiath inrmediatehi ch
each fl Qw pat i ses, mul t%ﬁlaggpressure reduci ng structures in the

[

h .5 congrt A
inter_m% i at e WEHOR BIOSHHFUARtersgel ed recovery zone positioned
i medi at el y downst yga@indack 8Ethe HirfiSoH s6:on@ 6% fHh intermediate sections including a

recovery zone downstream of the intersection.

33. The fluid pressure reduction device of claim 32, in which the first and second
15 flow paths are directed toward the intersection at substantially the same plane, so that
fluid flowing through the first and second flow paths undergoes an abrupt direction

change at the intersection.

34. The fluid pressure reduction device of claim 32, in which the first flow path

20 includes a first ramp upstream of the intersection directed to a first plane and the second
flow path includes a second ramp upstream of the intersection directed to a second plane,

so that fluid flowing through the first and second flow paths creates ’shear forces at the

intersection.

25 35. The fluid pressure reduction device of claim 32, in which the first flow path
inlet section and the second flow path inlet section are integrally provided as a common

inlet section.



structure, wherein each pressure reducing structure and recovery zone pair
effects a pressure drop stage. WO 03/016767 PCT/ US02/ 22472 -20 32. A
fluid prewows®igreducti on device conprising: a plurality ofCTtisoked7di sks
having a perineter and a holl ow center aligned along a |ongitudinal axis;
and each disk having first and second fl oy4 pat hs extendi ng between the

hol | ow center 5 and the perinmeter, the first flow path including an inlet
section, an outl et ' i i . ion, extendi ng between
the inlet and outlgfeg%%?ﬁg §¥9§§Eﬂ%gﬁéﬁégﬁgaﬁﬁ%gﬁﬁfiHgv?wéhgﬁu ! %&Hﬁ&ﬁ
section, an osictieh iselgriednalodNe radial diseroeingd ¢ins ektdndmheeRkbRNME NEiORt een
the inlet and outlet sections; wherein the second flow path internediate
section and f¢qmmor gl gestipn se tleat sabtantially raualewlimes ef Huisl eterghe first and

i ntersection;_an rei,n each of the first and second fl ow path

i nternedi ate %@g@?@ﬁglﬁﬁgluding a recovery zone downstream of the
intersection. 33. The fluid pressure reduction device of claim32, in which
the first and second 15 flow paths are directed toward the intersection at
substantially the sane plane, so that 'fluid flow ng through the first and
second fl ow pat hs undergoes an abrupt direction change at the
intersection. 34. The fluid pressure reduction device of claim32, in which
the first flow path 20 includes a first ranp upstreamof the intersection
directed to a first plane and the second flow path includes a second ranp
upstream of the intersection directed to a second plane, so that fluid
flowing through the first and second fl ow paths creates shear forces at the
intersection. 25 35. The fluid pressure reduction device of claim32, in
which the first flow path :

o




inlet section and the second flow path inlet section are integrally
provided as a conmon inlet section. WO 03/016767 PCT/US02/22472 -21 36.
The fl ui awproassars® reduction device of claim35, in whichpchasovrsen inl et
section is aligned along a radial disk reference Iine extending fromthe
axis to the common inlet section so thaj,substantially equal volunes of
fluid enter the first and second flow paths. WO 03/016767 PCT/ US02/ 22472

.22 37. A fluid duct i on_devi i 8ing: i
tacked disks hav hordiihp e SRR FABERRETD ol 0nd & hol 1 ow

center aligned al ppg Aty @PGiabkih disks @xiry 2 Gackhesd skd Befitiinga atriletws tindne
fl ow path extendi ng between the holl ow center and 5 the perineter, the

f1 ow pat h i nadlleok cepterratignedealosge ldngiudiasl axi | et section, and an

i nternedi ate section extendi ng, bet the inl et i y
wherei n each fl OV\PaﬁgtdFFf(ElW E}g&g1e&§tro‘£{§g@wwgﬁé%{%?n?énﬁeﬁggﬁéghgﬁ&fE%IR i sg to
providg a tﬁ.l%ggeglt?ﬁg% the QW Rhih ineRE@khet I ableh sedtionf kevsupiat Beation) dhdignt he

disk into at least first and second blank portions. 10 38. The fluid
pressure redintérimediatiesdctien eftending het®en the ikt atd @dlehsegtans:f urt her i ncl udes

afirst brid [ i '

portions. 39, ThEbeIen GepiBSuTeo TR aroor Ca o ERiess EF ARGk e
the first br 5%‘3@% S ﬁﬁh?@é?éﬁ&h%ﬁ%h-&ﬁt W Pﬁthrdiﬂﬂin@(lhé fiek it bEkditrfgstabout
the interior portton of the disk. 40. The fluid pressure reduction device

of clai m 38, andisesbhdblahkeoftionst bridge portion conprises an outer ring
porti olr(1) ext endi ng about the perineter of the disk.

38. The fluid pressure reduction device of claim 37, in which each disk further

includes a first bridge portion extending between the first and second blank portions.

39. The fluid pressure reduction device of claim 38, in which the first bridge

15 portion comprises an inner ring portion extending about the interior portion of the disk.

40. The fluid pressure reduction device of claim 38, in which the first bridge

portion comprises an outer ring portion extending about the perimeter of the disk.

20 41. The fluid pressure reduction device of claim 38, in which the first bridge

portion comprises a tab extending between the first and second blank portions.

42. The fluid pressure reduction device of claim 38, in which each disk further

includes a second bridge portion.

25

43. The fluid pressure reduction device of claim 41, in which the first bridge
portion comprises an inner ring portion extending about the hollow center of the disk, and
the second disk portion comprises an outer ring portion extending about the perimeter of
the disk.

30



20 41. The fluid pressure reduction device of claim38, in which the first
bridge portion conprises a tab extending between the first and second

bl ank porwD®ma®16742. The fluid pressure reduction devi ce ofPCaltsomA8, in

whi ch each disk further includes a second bridge portion. 25 43. The fluid
pressure reduction device of claim4l, in,pwhich the first bridge portion
conprises an inner ring portion extendi ng“about the holl ow center of the

di sk, and the sec disk,portion.c rji ses oufer rin tio

extend ng about ¢ rier BTG BESrS AR deRee o Bl S iy h S aiher Bdsosend s
- 23 44, Thebridc%@' ;sbbraaﬁﬁ SOBrise dat AransddeNd Q;@osoéxt&hcﬁh@bé&veehnadgéveﬁhbtaaﬁ_
first and second ridge portions conprise first and Second tabs extendi ng
bet ween adj aceostionst ank portions. 5 45. The fluid pressure reduction device
of claim 37, in which opposing walls of each through-cut flow path

i nternedi ate section gradually diverge fromone another as the flow path

i ntermedi ate sect iy ARG BRoshilr® Bdubod ddvle oTREHiM 37, ivitiBRo 1r%[waﬁfs%tf' on.
46. The fluid pressure reduction device of claim37, in which each

t hr ough- cut  ¢aoh tlirovglpattflompah metdinatdiats exction gradnalty diverget foorf oneramothgriasal .
47: The fluid,pressure. reduction device of claim37, in which each fl ow
path inter me%‘?gf)g I?é‘mt%weﬁ}%q rquen advapessdrnme t}feelaf?é PeeGoR e ﬁ)@@&ﬁ@t SeRoY
recovery zone positioned i mediately downstream of the pressure reducing
structure. WD 03/016767 PCT/ US02/ 22472 -24 48. A nethod of assenbling a
fluid pressure redifctTionflddpressureoeductisn depice of claim 37, in which each through-cut

10 flow path intermediate section is curved to form a spiral.

47: The fluid pressure reduction device of claim 37, in which each flow path
intermediate section includes a pressure reducing structure and a recovery zone

positioned immediately downstream of the pressure reducing structure.



formng a plurality of disks having at | east one flow path extending
between a hollow center and a perineter of the disk, each flow path

i ncl udi ngwarsiom7et section, an outlet section, and an i nPemrEsd/z24e2 secti on
extendi ng between the inlet and outlet 5 sections, the flow path dividing
the disk into at least first and second blank portions, each disk further
including a first bridge portion extending between the first and second

bl ank tions; ing the. di sks. al is; i ng the stacked
i sks together 1o Toridd SR LR Aepte Ter BERD OGS i ©
bridge portion of Raatheti slkrdlity bh@sisd 1BFkRtatdbsk 0AS S8WYath extehrdiddBetiRtigd of

claim48, in which the first bridge portion conprises an inner ~ring
portion exteriilley cebbruand p@ctinetsr pbthepslink: aoh fidw phid inileding 46 ir8€. sedtimn, et hod
of claim48, | ich the,first bridge rtio 0 i,Ses an outer . r
portion ext eno&llrﬁﬁ%(;\@%‘%lgﬂt a?%@nplgﬁr%?lé‘ #a?ﬂéxgﬁi‘@ﬂ{g) ; e%g‘en@_hl?ﬁo@do?utpelqai m
48, in shich debfors! ths HoBPaliBvifigthOMisE MDA 1SR fift dflecsitRRli 3 R MBRN
the first and second bl ank portions. 20 52. The nethod of claim48,” in

whi ch the di skskfyrtheranclvdinigadiest baidgepontidn bxtiendjeg betwretn the firstadd secomfibinhk t he
met hod further conprises the step of renoving the second bridge portion of
each disk in BWEEr acked di sk assenbly. 25 53. The nethod of claim52, in
which the first brdigdganfe iR eAFBLLRRS an inner ring portion extending
about the interior portion of the di sk,” and the second di sk portion

conpri ses an out ersepunmg thostacload digitsgnghiting talfout a stackedetiskvstanblpf t he di sk.
54. The,nethod of claimb5b2, .in ich the first _and second bridge rtions
30 cong(?i se first r&wa"%?fﬁ?wﬁmﬁ Qﬁ@g@a@%pﬂgacﬁge%égﬁﬁ%ﬁﬂ% Hfsa(ﬁﬁﬁﬁﬁ’?y-

portions.

49. The method of claim 48, in which the first bridge portion comprises an inner

ring portion extending about the interior portion of the disk.

15 50. The method of claim 48, in which the first bridge portion comprises an outer

ring portion extending about the perimeter of the disk.

51. The method of claim 48, in which the first bridge portion comprises a tab
extending between the first and second blank portions.

20
52. The method of claim 48, in which the disk further includes a second bridge
portion, and in which the method further comprises the step of removing the second
bridge portion of each disk in the stacked disk assembly.
25 53. The method of claim 52, in which the first bridge portion comprises an inner

ring portion extending about the interior portion of the disk, and the second disk portion

comprises an outer ring portion extending about the perimeter of the disk.

54. The method of claim 52, in which the first and second bridge portions

30 comprise first and second tabs extending between adjacent blank portions.



