MULTI - STAGE TRI M CROSS REFERENCE TO RELATED

APPL|I CATI ON [ 0001] This application clainms priority to
wo2@9/0Pmovi si onal Patent Application No. 60/ 96BCBaR008/053368

entitled "Multi-Stage Trint, filed on August 3 1

2007, which is herein incorporated by reference inits

entirety. BACKGROUND [ 0002] This section is intended

to introduce the reader to various aspects of art that

may be related to various aspects of the present

i nvention, which are described and/or clai med bel ow.

This discussion is believed to be helpful in providing

the reader w th backgMblid-STAGERERIMN to facilitate a

better understanding of the various aspects of the

present invention. Accordingly, it should be
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natural gas. At various stages of gas production, the

whighus Aergyasnaneporatdd by eefpranuindis amiaetyi npede
subsequent processing of the gas, thus it is desirable

BACKGBOUMB natural gas froma high-pressure region to
a | ow pressure region, dropping the gas pressure in

[ooo2Dsi t. THIEGELtidap idtahdepistoiintrdRssiea catiom@vRlrious aspects
often cause a varjety of problens. Flow across a |arge
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| ar ge. ene transformati gn occurs,. . The Shockwav
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lurd pressure gradually, so they avoid, or at
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OF THE DRAW NGS [ 0005] These and ot her features,
[089B%ct s, laravardbtamf agsend, ittibeftpneseful to lower the pressure of a

fluid. For example, pressure drops often occur during acquisition and processing
of natural gas. At various stages of gas production, the natural gas may achieve
pressures that impede subsequent processing of the gas, thus it is desirable to
flow the natural gas from a high-pressure region to a low-pressure region,

dropping the gas pressure in transit.

[0004] Rapid drops in pressure, however, often cause a variety of
problems. Flow across a large pressure gradient accelerates the fluid to a high
velocity, and the transition can cause damaging vibrations. In some instances,
the high-velocity fluid establishes a shockwave, or thin fluid layer in which a large
energy transformation occurs. The shockwaves emit noise, generate heat, and
erode equipment. Thus, designers of fluid-handling systems strive to reduce fluid
pressure gradually, so they avoid, or at least mitigate, shockwaves and vibrations.



invention will beconme better understood when the
follow ng detailed description is read with reference
WO eoovlog79az conpanyi ng drawi ngs i n which |ike chpCHUB2008053368
represent |ike parts throughout the draw ngs, wherein:
[0006] FIG 1 is a cross-section of an enbodi nent of a
fluid-handling systemwith a trinm [0007] FIG 2 is a
partial -cross-section of the trim [0008] FIG 3 is a
perspective view of a flow path through the trim
[0009] FIG 4 is a flowchart of an enbodi nent of a
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e\zdunafrig thefflavhpathdi scl osure. [0012] FIG 1 illustrates
an exanple of a fluid-handling system 10 having a trim
12 that, in certain enbodi nents, addresses the
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[0o@nagiual | yOne or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit

of this disclosure.



| ower the pressure of a fluid flowng through the trim
12. The flow paths include a series of stages, or
w@owsieiott ed passages, and each stage | owers tPeT/iB20084053368
pressure by an anount that is substantially smaller
than the total pressure drop across the trim 12.
Increnmental ly reducing the pressure is believed to
prevent, or at least mtigate, Shockwaves and
vi brations, because the smaller, increnmental pressure
drops between stages do not accelerate the fluid as
[0Bd2h as aFl&d.ngllestratas @@ gaesslarcd adtuighhaodisg system 10 having a
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presspleadrops betwesn s@rgésloﬁﬁrsot@qaerwateethbdluﬁmagfmm single,
AdditionaIIIy t he shorter flow path fits within
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Exanples of the trim 12 are described below, after

[08d3Lr i bi niddiiarally; ceriainmeedigmnte Abiestrior 12 fage smaller, less
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sri&fer tm%t e[hergby redl C|r(1)gt Irqn%rterlal %'ogfc's Examples of the trim 12 are
described below, after describing some of the other components of the fluid-

handling system 10.

[0014] The illustrated fluid-handling system 10 includes a choke valve 14,
a fluid source 16, and a fluid destination 18. The fluid source 16 and/or the fluid
destination 18 may be an offshore or onshore well, a pipeline, a refinery, a
storage facility, a pressure vessel, a compressor, a tanker, a liquefied-natural-
gas terminal, or other source or destination of a pressurized fluid. In this
embodiment, the fluid source 16 is at a higher pressure than the fluid destination
18. The pressure difference may be greater than 1,000 psi, 5,000 psi, or 10,000



[0015] In this enbodi nent, the choke val ve 14 incl udes
a housing 20, the trim12, a valve nenber 22, and an
wa@ceaae™i2 24. These conponents and their functPCIEB2a082053368
descri bed bel ow. [0016] The illustrated housing 20
i ncl udes an upstream flange 25, a forward housi ng 26,
a rear housing 28, a backing nenber 30, and a
downstream fl ange 36. The conponents of the housing 20
may be nade of steel or other materials. The
illustrated flanges 25 and 36 are secured to the
pdi odewardiitng ar iting applidatione bdd t13Sflaiddretd thd keutzactd may be air,
menber 30 is disposed in idﬁ both the forward housing
198 RAURLIF MalRE 34 AEODS! UK. nenber 30 1 in
contact with the trim12 or an internedi ary nenber.
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several features that, in the aggregate, define a flow

[00aB]. At Pie HpstraRamMAing 20 irdluddieah Lpdtreamtilange 25, a
contracting nozzle 44 neets the flange 25 and |l eads to
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plurality trimtlow paths that are described bel ow

theittin t2beapmiermediBnGientbaind & badking meamberdO ipatudes a
col ) ect. |n.,a downstream nifold 50 that is defined.b
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circular-cylindrical volune that is generally
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the  mani fold 50, t ath continues Into
agpaaid, ngfinea4loa patht Waitarf eesisedmtporiidreof tharitpav gath, a

caglf b ROZel 1 e e 4 Hels BArbiibarg Maniold 46,
ThéLps@Eamanshitdid @6t hethiddemBBaRREAY sGestiMdthertrim 12 and

defines a generally annular volume. The illustrated upstream manifold 46 is
generally concentric about a central axis 48 that extends through the choke valve
14. Downstream from the manifold 46, the flow path continues through the trim
12, dividing among a plurality of trim flow paths that are described below with
reference to FIGS. 2 and 3. The trim flow paths collect in a downstream manifold
50 that is defined by the interior of the trim 12. In this embodiment, the
downstream manifold 50 is a generally right, circular-cylindrical volume that is
generally concentric about the central axis 48. Downstream from the manifold 50,

the flow path continues into an expanding nozzle 52 that feeds into the flange 36.

[0018] The valve member 22 of FIG. 1 includes a shaft 54 and a sealing
member 56. The shaft 54 extends through, and is either permanently coupled or
removeably coupled to, the sealing member 56. The sealing member 56 has a



renmoveably coupled to, the sealing nenber 56. The
seal i ng nenber 56 has agenerally right,
wa@reoekmi2 cyl i ndrical shape that is conpl enent B€/IB2008/053368
t he downstream mani fold 50, and the sealing nenber 56
forms a sealing surface with the interior of the trim
12. The sealing nenber 56 may be nade of an
abrasion-resistant material, and the shaft 54 may be
made of steel or other materials. The shaft 54 and the
seal ing nenber 56 are generally concentric about the
gerearalhyafiglatx ciscul8r- c{llﬂﬁﬂi@}al Shrepa thiat &t cah pléresttargtionth@4 i s
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abdutele cehiphl D 19, t he V\,heel 66, and the wheel 66 is
rotationally coupled to the spacer 58. The spacer 58,
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general ly concentric a he central axis 48. [0020]
spaceppér an |actuatarnsrmcﬁb6@,taathraaiqiez@pertloneﬁz laonwutt &4k, @ngha wheel 66.
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fromrotating. The threaded coupling between the nut
cauplgmeniaydheagsgothe oHt 62 te tirea thyeaded conaeetian. ofhe

L e e R R e L
rogdtiopeilredtpledhte thalspaceredtheTh@2paeer 88 tieshaftiBed trasnut 64,
havi ng a single degree of freedom %0021 Tr ansl atl on
angBbiher Whae GERie-09RaBly CoONCetidmglaulthe cenggl axsd
t hrough the choke valve 14 . |If the wheel 66 is
[0080ht ed iln aperaticn, am merat%radjua’ﬁ%tfseeawwgrowghﬂhe cheke walve
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theahtdatigdnirien 625whihs thaiatisiaforwhaftfdoiw revdisiet! Hitopw edtating.
the trim12, thereby i ncreasing the flow rat.e.

The Hrepded 90Uﬁ3|fn91 priWggBdhe H&it P4 %r‘@ttﬁfe@?eﬂjqdfpcﬁt'g'é@arﬁﬂmverts the
robRRSh tRe HHE 6B Mo 4 iFesiPirddiMlion 68 of both the actuator shaft 60

and the valve member 22. In this embodiment, the valve member 22 may be

described as having a single degree of freedom.

[0021] Translation 68 of the valve member 22 changes the flow rate
through the choke valve 14. If the wheel 66 is rotated in a first direction, the
sealing member 56 is pulled into the backing member 30, and the size of the
downstream manifold 50 increases. A more-recessed sealing member 56
obstructs fewer flow paths through the trim 12, thereby increasing the flow rate.
Conversely, if the wheel 66 is rotated in a second, opposite direction, the sealing
member 56 pushes into the downstream manifold 50, and more flow paths

through the trim 12 are obstructed by the sealing member 56, thereby decreasing



menber 56 pushes into the downstream mani fold 50, and

nore flow paths through the trim 12 are obstructed by
wo b@oseriit ng nenber 56, thereby decreasi ngt he PCDB2068/(53368

t hrough the choke valve 14 . Thus, rotation of the

wheel 66 nodul ates the flow rate through the choke

valve 14 . [0022] O her enbodi nents nmay have features

different fromthose illustrated by FIG 1. For

i nstance, other enbodi nents may include other types of

actuators. The sealing nenber 56 nmay be adjusted by a
theyfbwardte chrdughiehe ahplkest/alne Tan Bhectrotatdonof dre waeki 6@ar

tor, or sone other vice confjgured to nove the

magulsn Mot radibiuahiie Shokavab 4 some

embodi nents, the sealing nenber 56 may be dlsposed in
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trim12 still drops the pressure of a fluid flow ng
valye abtmés fluidiflowingin g glirestienthaids 90 gegrerssdiffaeant diomthe
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mdl@lﬂecdrﬁlntnl‘ﬂ@val\/el’[hétZOutEb’s fiuéd Fowiiginrtaé eame directivRnaxethe
configured to renpve, Kinetic ener(gy froma fluid. In

difqptiondRAMereBWE is flawing When seeaie d5§hauido%3%lb§tr@t%©that in
=

sdih S g PeE Heeh fa Raflif, Shviefh ey ey WRBhE glvalve memoer
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m%aGi&téH Bi/ @nd\ﬁn@ﬁ%wé' ﬂn)énﬂﬁr%ﬁld tHeQrifh ot tom face 76

each plate,” and both faces 74 and 76 have a nor mal
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configured to remove kinetic energy from a fluid. In this embodiment, the trim 12
includes a top plate 69, eight-intermediate plates 70, and a bottom plate 72. The
top plate 69 and the bottom plate 72 include ledges 78 and 80, respectively. The
plates 69, 70, and 72 have a generally annular shape that is generally concentric
about the central axis 48. A top face 74 of each plate is generally parallel to a
bottom face 76 of each plate, and both faces 74 and 76 have a normal vector
that is generally parallel to the central axis 48. The plates 69, 70, and 72 may be
machined or otherwise formed from tungsten carbide, stainless steel, or other

suitable materials.

[0024] The plates 69, 70, and 72 may be either permanently or
removeably coupled to one another. Permanently coupling the plates 69, 70,



machi ned or otherw se fornmed from tungsten carbi de,
stainless steel, or other suitable materials. [0024]
wab@opbmtes 69, 70, and 72 may be either per naPE€nB290sHN53368
renmoveably coupl ed to one another. Pernmanently
coupling the plates 69, 70,and 72 is believed to
i ncrease the strength of the trim 12, and renoveably
coupling the plates 69, 70, and 72 is believed to
facilitate renoval of debris that becomes trapped
within the trim 12 during operation. In sone
areh@Bd8 belidved tbhecreasentlie’ simerygtheof she trirdé@, and e monreélally
shleldto ro ct the 2 fromdepris carrie ,
oqifiRpilhe BApRBEE10 A o it baliRyed SSHRbS v o aBbrs ha
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[ owpath units . his e dinment, the flow path
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rofationally-symmetric pattern, and each
f'8§/—b|¥e{b%ﬂt”ﬂ[t 82 includes features of adjacent plates
bhotto
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unit 82, l ow units are forned acki n
replaatqd anoesddle cgotralaands %8.in Eagﬂmemllw mmtldriadjs{swmre@trlc pattern,

arfq SHEE O Hiith ot 37 PolERs Ekites S BB, 26780 72

THetis Hsoth MeattifsPon B bbtiGrhaleegivée plaie 9 £id fe€ures on the top of
rovv-path units 82, such as size, may vary along the

arcadiacant piries7agre [r@dlmd inia aivan dawnpatihaitsa lsothetlogaunits

[ e
584 gy Sethlpitd pBles BYot0 Tible Blonitf sneystiea fow-
p&f,unitg 8292 ,gePréralgrideticat etlienethepfidetpanke uaith |8QV\fthalhfbther
that is described below with reference to FIG

emRoHiMIYs Hs Ay nelrke B eacercPli RSiaNASieakrenof tf@pﬂow path
uniftcss % c@faseé}f rﬂlhfi"ixﬁry %IBn@ éﬁ’éf bEGrARLkid &‘gt s

genera paral’l e ral axis and the
B38) s Mini2ec P 38 DFin e B P BT Pges o0, oo

s amid2eb4st and be. mx;ﬂélnédlbélo% thE&922Vitidken, 8638, 90 92, 94,
illustrated trim12 is assenbled, the cavities 84

anghad gamhing kxdefs)e o flew pathdhatys @\e\?"@rﬁb?ﬁ Relowrwith ¥ %feﬁsgnce to
Fid 4. #h& cSATBYBLCES | Y ¥ ERidndGinward from the top face 74 of each
plate, in a direction that is generally parallel to the central axis 48, and the
cavities 90, 92, 94, and 96 extend upward from the bottom face 76, in a direction

that is also generally parallel to the central axis 48.

[0027] When the illustrated trim 12 is assembled, the cavities 84, 86, and
88 in the top face 74 of a given plate 70 are not in fluid communication with the
cavities 90, 92, 94, and 96 in the bottom face 76 of the same plate 70. Thatis, in
this embodiment, the flow does not cross entirely through any of the plates 69, 70,
or 72 in an axial direction (i.e., a direction parallel to central axis 48), but rather
the flow crosses back and forth between adjacent plates 70 in the manner
described below with reference to FIG. 3. In other embodiments, however, the

flow may cross entirely through one or more plates 70 in an axial direction.



cavities 90, 92, 94, and 96 in the bottom face 76 of
the sane plate 70. That is, in this enbodi nent, the
WO b@woatves not cross entirely through any of tPeT/B2a08453368
69, 70, or 72 in an axial direction (i.e., a direction
parallel to central axis 48), but rather the flow
crosses back and forth between adjacent plates 70 in
t he manner described below with reference to FIG 3.
In other enbodi nents, however, the flow may cross
entirely through one or nore plates 70 in an axi al
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pI ate; and an u | at e. As nenti oned

shapsvef, caies@ 192, 64, 8ad 9§@Xt@mln@@nt|@,’gy tfgqugfamp plate; and an
uﬁ%pggﬁk%%[g define a flow path 106 illustrated by

present flow path 106 includes an inlet

109387 ana A28 )BERROER BB e By S B8,30195 ¥ 20 06
cdoteratend defifle Msly gawm@é QlusFheeoy BRS. Fhene dresdritiew path
of the flow path 106 are defined by the cavities 84,

1&BincRglesam ing stage 108 dsinexpansien zanes 1@, F15 114, 116 118,

ar%’"?ﬁb,ffh\%%téfm tgﬁhq%egéggés f%f‘gfgﬂ(??e 3%8 t%?ﬁj ‘%Cpaa{h% Aoutlet

zone cavi
sthgé ecpediraise fetmg@s bfztéhel f$ovdpfatrne(ob laye defided by th?@é:a\hh@s 84, 86,
expansi on zones and 114 and the internedi ate sta

88,20, §re ddethef |IWtrta|t@j tE‘aE/hq - ogpegifiealiynthe inptedistage 1 b and
S AREnER 2ohs L AR Rty 38, v g MBI Yage 122
is defined by a caV|ty 88; the expansion zones 112 and 1 14 and the intermediate
stage 124 are defined by the cavity 94; the intermediate stage 126 is defined by
the cavity 86; the expansion zones 116 and 118 and the intermediate stage 128
are defined by the cavity 92; and the intermediate stage 130 is defined by the
cavity 84; and the expansion zone 120 and outlet stage 132 are defined by the
cavity 90. Thus, the flow path 106 is formed in both the top of one plate 69 or 70
and the bottom of an adjacent plate 70 or 72.

[0031] Each of the illustrated expansion zones 110, 112, 114, 116, 118,
and 120 has a generally right, circular-cylindrical shape with a generatrix that is
generally parallel to the central axis 48. (The term “generatrix” refers to a straight
line that generates a surface by moving along a specified path, e.g., a generatrix



are defined by the cavity 92; and the internedi ate

stage 130 is defined by the cavity 84; and the
wepangioon zone 120 and outl et stage 132 are dedT/m2dodns3368

the cavity 90. Thus, the flow path 106 is forned in

both the top of one plate 69 or 70 and the bottom of

an adjacent plate 70 or 72. [0031 ] Each of the

illustrated expansion zones 110, 112, 114, 116, 118,

and 120 has a generally right, circular-cylindrica

shape with a generatrix that is generally parallel to
mbhed ety akirexaspadd. fo(mbe ctlmular cgbn@eraandxf theefesresattin is
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expansi on zones 110, 112, 114, 116, 118, and 120 may
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di nensi onal relationships. For exanple, the heights
Progeessive! Y B8 rense @oogrﬂeeﬁowedayth i1A6r ease al ong the flow
path 106. [0032] Each of the stages 108, 122, 124,
[0032] 128,E4&00f thedstdges 108, 128, s 24nthad) h@ht1,3hasda 32, in this
ich defin

rally cuboid shape, es eneral |

efBedmRt b 8 dsteTAl iR iont 3ians. ucl efndl Aigderdly
re‘éfa‘?%"éﬂa?r%?béélgeé% {80.9FA8RLA ¥f BEUGLsE %ebf’@n ﬁ’ﬁ@‘i"élgén@rfally

the 'stage height 138 and a stage wi dth .
edqiel dhthelp®dastiokthegdage delghl 433 and abaha@ermdﬁui/ba The stage
heol'gﬁte%é ang sEalbaetw%E[ﬁ142 are both measured in directions that are
perpendicular to the average direction of flow through the cross-section 140. The
sides of the stages 108, 122, 124, 126, 128, 130, and 132 are either generally
perpendicular or generally parallel to the central axis 48, and the corners may
include a fillet. In other embodiments, one or more of the stages 108, 122, 124,
126, 128, 130, and 132 may have a different, non-cuboid shape, such as a

cylindrical shape.

[0033] In this embodiment, the inlet stage 108, intermediate stages 124
and 128, and outlet stage 132 are at generally the same axial position (as
measured along the central axis 48) as the expansion zones 110, 112, 114, 116,
118, and 120, and the intermediate stages 122, 126, and 130 generally lie at an



per pendi cul ar to the average direction of flow through

the cross-section 140. The sides of the stages 108,
wa22me/oiR42 126, 128, 130, and 132 are either gROEIEA008/053368

per pendi cul ar or generally parallel to the centra

axis 48, and the corners may include a fillet. In

ot her enbodi nents, one or nore of the stages 108, 122,

124, 126, 128, 130, and 132 may have a different,

non- cuboi d shape, such as a cylindrical shape. [0033]

In this enbodinent, the inlet stage 108, internedi ate
adjbegrasaxidlposzitionl 28]jacert intetinetiatd atpges322ane4a126, 128, and

RSB ab ST e SR S FEADBH 08 v

o botnddfc difes gagick0. and the Intermediate stages
22, 126, and 130 Qgenerally lie at anadjacent axi al
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5 and 85 degrees. [0034] As previous]y noted, ip this
TRe ARG RIe 195 e rbriaacs pogessiolesang g fow'Bath 106,
e e e
thierarnallesé winttb grd@s sA eefoflagy tonipig isghél e grasdrsed®nahatdas 140

th tlet st 132 hav; th t. w dt.h 14
bR e fibesved B take A 1B Tl pr Ll G g Diet afage ™t
h&Mh @ tHeagsmall@stidid Ss-E6ctidmal afd2e1 40,87t hedutienatager €8having the
140 al so progressively increase along the flow path

lanasst cigssksadtienahiied ¥tlage 108 having the snal | est
cross-sectional area 140, and the outlet stage 132
[0835] ng t hle dangestbadirnestss e cronaiseatiezal p4ca 1R0@dBpchstage

3§ ST G b RS0 5 08 R o0 D G8 oe
byPhn to A it 8 bastd DhItRaModt ¥eichYy BitoagRyatiot§pbrtiohs of the
based on the flow efficiency thr ouﬁlhﬂ vari ous portions

flayr peite196.olnpdiow affisienthés delsecas ing ikow yatedhisighrregtructure
pebls DYoL U8 40 AR Rpp hELE IS B o

stafés armenipsiegasridoainseebhest algheheaag®affect the pressure
downstream of a g{i ven stage affect the pressure drop,

ff
draRdaneReBERAUANTY ThAxelpsitscofithe fbid fowingithiQuan BRighEn stage.
Fibl SHGRNE SnEVERIEIH (R E8ch stage may be determined with a valve-

designing process described below with reference to FIGS. 4 and 5. In some

embodiments, the ratio of cross-sectional areas 140 of adjacent stages may
increase along the flow path 106, with the ratio of the cross-sectional area 140 of
stage 124 to the cross-sectional area 140 of stage 108 being the smallest, and
the ratio of the cross-sectional area 140 of stage 132 to the cross-sectional area
140 of stage 130 being the largest. That is, the cross-sectional areas 140 may
increase along the flow path 106 by a non-constant, increasing ratio.

[0036] The increase in consecutive feature sizes may be referred to as an
expansion ratio. The expansion ratio for a given stage is calculated by dividing
its cross-sectional area 140 by the cross-sectional area 140 of the adjacent
upstream stage. Thus, in some embodiments, the expansion ratio of each stage



Fl ow efficiency and velocity of each stage may be
determ ned with a val vedesi gni ng process descri bed
whedoom it h reference to FIGS. 4 and 5. | n soneCT/IB2008/053368
enbodi nents, the ratio of cross-sectional areas 140 of
adj acent stages may increase along the flow path 106,
wWth the ratio of the cross-sectional area 140 of
stage 124 to the cross-sectional area 140 of stage 108
being the smallest, and the ratio of the
cross-sectional area 140 of stage 132 to the
122,03l 4261 1 23al 3G raeal 130maly sogepssivdly ineraagetdieng the flow path,
|l argest. That i t he cross-sectional areas 140 may
Wil HFAUet E9R) | 3R OGN B IR oS bBX RN SO Oconst ant
I ncreasing ratio. [0036] The increase in consecutive
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tage. Thus, .in sone enbodi nents, the expansion ratio .
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outlet stage 1 ving th argest expansion ratio.
upIEBN stagesperati on, flow path 106 | owers the pressure
of a fluid. As the fluid flows through each stage 108,
[0038] 124,Bétd@&enlst8ged 3he fllRPentetether @gmmsonotortdse! 10, 112,

ui 0 nd the vol une /or_velocit f e
114,018, Tag: 58T RS XPaRSONENES 10he | bRev14bdd Cuage! 20 are
b&IRGBHSE faSItARNtags ?Peﬁ%@?é/ Pecdvidfy, JrRE ueBEIIARMA ofH fdd to

140 of each stage is larger than the cross-sectiona

inarcaas static pfesshree. updhe expassiageonep 1088] 1Bet Iedri6, 118, and

120308 Bggictiaiq BTG s IS o EROREL BRad 198 ahae 1B, e
first Bafd 148 % plodflicad dyhpkifeuedirhifgfimend bksdrsion abhé and flowing
pressure recovery, or the deceleration of a fluid to

dowiewarss & tregdirectionesfdoe eentral am48xmmmecz¥me@ermm8 is
B3 BB sePhEap Btk eSSBS Ml aectin

gdrigrally pemendiduldraophodocesl dxis 18e Thieldatiuenesiand drientdtdn of
expansi on zone and flow ng downward, in the direction

thgfoanes H@rﬂrﬂ%ﬂdf%ﬂieﬁ’_eﬂ@? OH ae@mea@%%ﬁahgeﬁuthm%xn@sion zones
1 1; c{ glg‘é,t, %@9“1{1?‘, fqe,f) wi?',%ﬁ‘ga@?@igﬁﬁ IQQ ‘réljeﬁﬂéef‘sr hPabRAwafK bxial
direction before turning 90 degrees in a radial—or perpendicular to axial—
direction; and in the expansion zones 112, 116, and 120, the fluid initially turns
90 degrees in an upward-axial direction before turning 90 degrees in a radial
direction. Thus, in this embodiment, the fluid flows both axially and radially, and

each turn removes energy from the fluid.

[0039] The diameters 134 and widths 142 increase along the flow path
106 by amounts that depend both on parameters of the particular application—
such as the type of fluid, the flow rate, and the overall pressure drop across the
flow path 106—and the flow efficiency of the fluid flowing through the flow path
106. By sizing the diameters 134 and widths 142 based on the flow efficiency,
the flow path 106 can be expanded over relatively few stages without giving rise



general ly perpendicular to the central axis 48. The
sequence and orientation of the bends 146 and 148
waoelepene®inn t he expansi on zone: in the expansi POT/ERME8053368
110, 114 , and 118, the fluid initially turns 90
degrees in a downward-axial direction before turning
90 degrees in a radial-or perpendicular to axial-
direction; and in the expansion zones 112, 116, and
120, the fluid initially turns 90 degrees in an
upwar d- axi al direction before turning 90 degrees in a
torexateabivdivitratiomsor Stnckwavest ihe amboxl afesbrativhs of tshcb@k wave
flows both axially and radially, and each turn renove
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and wi dt hs 142 based on the flow efficiency, the flow
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efficiency is believed to offer certain_advant ages.
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devigssuofethdrprpsswatidrop oatias i ‘eanh sjf Huyesiages ail\ndﬂecmbp théy
t aki ng t he di fferencfe pressure of

t

AGRR BRESSULSY ?%Eﬁﬂosloéﬁﬁ Ogﬁbe %‘ﬁ‘@eﬁr &'QWr%eVSPmaHreSSUVe drop-
rafi6\a¢ianbn irtRUMIes HIeRThe beemll FBYsEHe\drBb@rddiethe flow path 106 is

di fference by the overall pressure drop across the
evaniydivigtel ameng%staguequ& t1§22oi24 h@ﬁoﬂé&s 8@ bBEpror

a%plgscg?glnbe?ntggoa rrnae% With Zseeg/eR stag ?r]etxhlblt an average
pressure-drop ratio near 0.3, a standard deviation of pressure-drop ratio of 0.03,
and a percent, pressure-drop-ratio variation of 9.3%. Some embodiments may
be characterized as having percent, pressure-drop-ratio variations less than 12%,

11%, 10%, or 9.5%.

[0041] Evenly allocating the overall pressure drop across the stages is
believed to allow designers to simplify and shorten the flow path 106 without
giving rise to excessive vibrations or shockwaves. As described in the
background, damaging vibrations and shockwaves are caused by pressure
gradients that are too large. Thus, the stage with the largest pressure-drop ratio,
in part, determines how few stages the flow path can have without fluid flow



pressure-drop-ratio variation, which is defined as 100
times the standard deviation of the pressure-drop
wo 2100%79iDr each of the stages divided by the BPUPIBRGES/053368
pressure-drop ratio for all of the stages. A |ow
percent, pressure-dropratio variation indicates that
the overall pressure drop across the flow path 106 is
evenly divided anong the stages 108, 122, 124, 126,
128, 130, 132. For exanple, certain enbodi nent with
seven stages may exhi bit an average pressure-drop
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Shockwaves. In the illustrat ed 6n‘oo i ment, none
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pressure drop it performs, the flow ath 106 is

mawl%ﬁw%mprgwaff@we%ﬁag%mdmg o8 thes e anet (hewsral
P B, SRR TP T SRR Bl e DT o, g more

stagesran seon thasdimiehi wnhealmie also, the trim12 is beli eved
to be | ess expensive to manufacture. Finally, the trim

[0033] s bel Figvedilitstrites loeztveypsigaingeproee sail B0 aiMhe illustrated
because the flow path 106 has relatively few stages in

PrRREeH 1 8@ Begins) with ﬁ@'ﬂﬁh”@l arvagie dpegio Mitht Gosppdagtional dlsg
d)gﬁnﬁtezg g%@'}‘b%@hmﬁhg a V416e HEQYnRALY intH RIS dBRYE a&alve with
computer aided design (CAD) software and testing the model with CFD software.
The design may be evaluated according to various criteria, such as the maximum
fluid velocity, the flow efficiency, and vector streamlines. In some embodiments,
a plurality of valve designs may be evaluated, and the valve design with the best

performance, e.g., the lowest maximum velocity, is selected.

[0044] Next, the selected valve is provided, as illustrated by block 154. In
some embodiments, only a portion of the valve is provided for testing, for
example, a flow path through a valve trim. The valve or the portion of the valve is,
in some embodiments, provided by machining the flow path in a material that
facilitates testing, for example, a generally translucent material such as glass,

Lucite, or Lexan.



shape fromthe shape illustrated by FIG 3. For

exanpl e, other enbodi nents may i nclude nore or fewer
wat@gmsroizdependi ng on the fluid and the over al PCT/IB2008/053368

pressure drop. Generally, though, the | arger the

overal | pressure drop, the nore stages an enbodi nent

W ll include. [0043] FIG 4 illustrates a

val ve- desi gni ng process 150. The illustrated process

150 begins with evaluating a valve design with

conputational fluid dynamcs (CFD). Evaluating a valve
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as illustrated by block 154. In sone enbodi ments, only
mgapwie:d stdpic presearever a tesiflold welaciter testing, for

exanple, a flow path through a valve trim The val ve
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1R BnbBT 170 Aty BREV 378D 175 Fesibfagn source 166
ank 68 iepdts Daser bebm U8 andiimedredpetingly.t Thpseteamst 1786 and
valve, as illustrated by bl ock 158. Determ nin

1 hateniorused B darlans 2 O PUBSARYORA Yak 1 8P siia e
saheRIw-hath Lt 685 Hhb SIS oN-path unit 164, in this embodiment, is

made from a translucent material, such as those discussed above, and includes
a flow path 182 conducting a test fluid. The test fluid is air laden with oil or
smoke particles.

[0048] In operation, the particles and the test fluid flow through the
measurement volume 180, and the illuminated particles reflect light that indicates
the velocity of the particles. The effect of the particles is sensed by the light
sensor 170, which is configured to calculate a fluid velocity within the

measurement volume 180.

[0049] In this embodiment, as indicated by arrow 184, the sensor head
162 is configured to raster the measurement volume 180 through substantially
the entire flow path 182 to map fluid velocities within the flow path 182. From this



corresponds with the CFD predictions. If the valve is

produced, a plurality of instances of the valve are
woratwafdzotur ed and installed in fluid-handling BYBIBENE8/053368

[0047] FIG5 illustrates an exanple of a LDA test

bench 160. In this enbodinent, the LDA test bench 160

i ncl udes a sensor head 162 and a sanpl efl ow path unit

164. The sensor head 162 includes two beam sources 166

and 168, a light sensor 170, and two | enses 172 and
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the process 150 is believed to yield val ve designs
displased.r Baghary theripvenireistip @exer §ll madifinedians.aequvalenisyand
al?erﬁgtﬁ\;égfﬁ II|§1 Q/\V/Ytrgrﬁ‘g@e %@Flggrdqgi?éﬁﬁ‘? F)OWer |g£/éﬁtwmf%§§%ﬁﬁ§d By the

foﬁgwﬁf@dap@r@egucr@'mgmxi mum acceptabl e rate erosion or a
gi ven noi se maxi num The LDA test bench 160 val i dates



predictions fromCFD wth enpirical data, so the valve
desi gn can be adjusted based on actual flow conditions
whedoone7dthe val ve design is rel eased to producP¢DIB2008/053368
[0051] Wile the invention may be susceptible to
various nodifications and alternative forns, specific
enbodi nents have been shown by way of exanple in the
drawi ngs and have been described in detail herein.
However, it should be understood that the invention is
not intended to be limted to the particular forns
di scl osed. Rather, the invention is to cover al
Cﬂﬁﬂﬂé'cat'ons equi val ents, and alternatives falling
'n the spirit and scope of the invention as
1def|AeQ9@mtdmmﬁnmm@mnng appended clainms. CLAIMS 1. A
system conprising i m havi ng a plural* of flow

pat hd NMMavEIgA Q%ﬁ“tV IoéﬂPWaﬁa}%h%d’H'i!ﬁriegb‘%ath lQnags cgmprises:
st ages; gﬁﬁ% ggﬁ‘g@gé%&one di sposed in series
e

bet ween eac stages, wherein the expansion
zones ar earc expanpiore done didposed if beries betvxaaeuh eaatt chdhe stages

bot hwée]regaplﬁr:al | grf g@’?\./ﬁesg@s%ggé)%élgbl[ f?ow a rwd Ina dlrectlon
adj agghls Wéw famVEr8d B difectibt® cHRWEIR Bth @ndddfadent-
wherein t e

xpansi on zones progressively increase in
si zeupsteagn stage aid anadjacent-gawnstream stage.syst em of
claim1l, wherein the stages progressively increase in
size along each of the flow paths according to an

2.exparise eysteat dfcclaignd, whered the bﬁoaﬁmnzom pRigr@ssively
i ncreases al ong each of the flow paths. 4 The system

ingfeasedn §ize, alwn@neeph ohthe Bawpaihe of the stages defines
a generally cuboid volune. 5. The systemof claim1,
wherein at | east one of the expansion zones defines a
3.geneTla bystes ofnelaint &) wiiolaimthe Stagébproyressivelyfincleasein size
[ | east sone a%Jéacent stages extend i

aléhg \éggﬁg,f]&e h% PESIHRSRAIEEIHR Anexpansion ratio, angI wherein the

expansion ratio increases along each of the flow paths.

4. The system of claim 1, wherein at least one of the stages defines a

generally cuboid volume.

5. The system of claim 1, wherein at least one of the expansion zones

defines a generally cylindrical volume.

6. The system of claim 1, wherein at least some adjacent stages extend in
directions that form acute angles.

7. The system of claim 1, wherein the trim has a generally tubular shape.

8. The system of claim 7, wherein the generally tubular shape defines an

axial direction and a radial direction, and wherein at least one expansion zone



7. The systemof claim1l, wherein the trimhas a
general ly tubul ar shape. 8. The systemof claim?7,
wob@oo21911 he general | y tubul ar shape defi nes aPCHKB2a08/053368
direction and a radial direction, and wherein at | east
one expansion zonehas a generally cylindrical shape
Wth a generatrix that is generally parallel to the
axial direction. 9. The systemof claim7, wherein the
general |y tubul ar shape defines an axial direction and
a radial direction, and wherein each stage extends
hasa glehefalty@ytingdical ehbpatwiihsa generaddix thap & gemetatty parallebto the
the axi.al direction. 10. The system of claiml1,
XA EROPhe trim conprises a plurality of plates, and
wherei n adj acent stages are fornmed in different
plates. 11. The systemof claim 1, conprising a choke
9.val vEh¢ aystaircof alaien 7y wheiein thes generdlly tithularmghapesdefinesfan

oh BB SRR P Shy ERBR T b pate
a Piarer Akt RIqeRSalySerbaaliculaY to hd 8kiaNGiFaction. N ner al |
extraction syst em a Chri st mas tree, or a conbi nati on

t hereof coupled to the choke valve. 13. A device,

1 GOTPTh bt A SEORL A B LB RBAE sl b,

andhehergin ifadent Blagesiare sesned Inl diffeieat bidtbait expands
according to a flow efficiency of the fluid through
the trim 14 . The device of claim 13, wherein the

e T PRLRFS Fat bRy SRRSO R RS tirkds

dispoged.ses a plurality of generally rectangul ar stages.
16. The device of claim 15, wherein the flow path
conprises a generally cylindrical expansion zone in

13€er i Be BRIWRES @aip1 of cdrﬁ?riéﬁh@%%jn’e?al deddsiti 8-weand!dregsure
apparatus, conprising: a trimhaving a plurality of

vefdsely appiphline;whetoege @adity, of minesalf procepsing saciity, a refinery, a

mﬁ%?%lé%’f{a%ﬁpé%g%ﬁ%ﬁﬁgq %@&;%@3%@;@ %fco‘?ntt)ihg{ign YHetrgofacoupled to

the choke valve.

13. A device, comprising:

a trim configured to throttle a fluid flow from a first pressure to a second,
lower pressure, wherein the trim comprises a flow path that expands according to
a flow efficiency of the fluid through the trim.

14.  The device of claim 13, wherein the trim comprises a plurality of separate

flow paths.

15.  The device of claim 13, wherein the flow path comprises a plurality of

generally rectangular stages.

16.  The device of claim 15, wherein the flow path comprises a generally
cylindrical expansion zone in series between each of the stages.



within the flow path less than 12% 18. The
fluid-handling apparatus of claim 17, wherein each of

W b@9fkmwe pat hs are configured to | ower the prPCHIB200853368
a fluid with a percent, pressure-dropvariation within
the flow path less than 10% 19. The fl ui d-handling
apparatus of claim 17, wherein the each of the flow
pat hs conprise a plurality of stages fluidly connected
to one anot her by expansi on zones, wherein the
plurality of stages each define a generally cuboid
vol unme, and wherein the plurality of expansion zones

ach _defjne g.generally cylindrical volunme. 20. The
1P A T i ais SEoRpRom 17, compr i of g &
Cho@tﬁ’rﬁ'h‘é@iﬁd‘é‘f)ldlﬁﬁlﬂ?rdf H8%: pAh s QNS rath £8&H of@k! ¥ paths are

upstream nani'f o I'n"which the trimis disposed; a o
cardiguecarisntowrer dlompiepsueaiot a fluidawish atrercémto pegssureedrag-wariation

nd .adj,ust flow rate through the choke valve; and an
Wi B PRl it bR 2 hove the val ve menber.

18.  The fluid-handling apparatus of claim 17, wherein each of the flow paths
are configured to lower the pressure of a fluid with a percent, pressure-drop-

variation within the flow path less than 10%.

19.  The fluid-handling apparatus of claim 17, wherein the each of the flow
paths comprise a plurality of stages fluidly connected to one another by
expansion zones, wherein the plurality of stages each define a generally cuboid
volume, and wherein the plurality of expansion zones each define a generally

cylindrical volume.

20.  The fluid-handling apparatus of claim 17, comprising a choke valve that
comprises:
a housing that defines an upstream manifold in which the trim is disposed;
a valve member configured to translate through the trim and adjust a flow
rate through the choke valve; and

an actuator configured to move the valve member.



