CONTROL VALVE TRIM AND SEAT DESI GN FOR VALVE TRIM W TH

M NI MAL UNBALANCED AREA Field of the Disclosure (0001)

This disclosure relates generally to fluid control

val ves and, nore particularly, to inprovenents in the
CONTROEVABSE TIINAND SEAT DESIGNFORaVAL. VEUERIM WITH

Background (0002) There have been efforts nmade to

desi gn a val v&MINIMADL UNBAILANCHEDAREy nmet rical |y

pl aced notches therein to define a preferred flow path

for fluid within the valve. Typical of such efforts
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(0002} W There lave begh egfors madetd @es1$ﬁ gWalveCtfing E)f:‘proﬁle having
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the plug so as to mnimze unbal ance forces in the
shortcomirigsnFof exdmpkee thid mujcls lodasions ard, tat vemst th smne dmr tablcdose to
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problem 18 referred to herein as "short-circuiting."

(0003)  Another shortcoming is that these valves, when used with
conventional plug tips, do not direct fluid away from the seating surfaces of the plug
so as to minimize unbalance forces in the region of the seating surfaces. It would be
desirable if the unbalance forces, produced by the fluid pressure drop in the valve,
could be reduced, and one manner of reducing the unbalance forces is to minimize the
unbalance area in the vicinity of the seating surfaces of the plug.

(0004) The manner in which these and other shortcomings are overcome are
explained in the following Summary and Detailed Description of the Preferred
Embodiments.

Summary _

(0005a) One aspect of the present invention provides a valve for controlling
the rate of flow of fluid comprising: a body having a fluid inlet, an inlet passageway in

communication with the fluid inlet, an outlet passageway, a fluid outlet in



expl ained in the follow ng Sunmary and Detail ed
Description of the Preferred Enbodinents. Sunmary
(0005a) One aspect of the present invention provides a
valve for controlling the rate of flow of fluid
comm@@eRfib® Wit e 6@t NAVARSyA, fd Lohuint&iplidtheNin®lt passageway
passageway in comunication with the fluid inlet,” an
and theunitlet ppssgegavay,seat fingi dispotededbdun the contuin aad hovalve trim
) with the outlet passageway, a conduit, coupling the .
including| atvabes phigedny 2 B tpe thutpbie BHBSaghdiae azplyeality of anti-

cavia oA B gDt G B b

arrangéd[‘h &t Aglh&ge %ngié%adﬂet éﬁogﬂ?e@WHefefiﬁQIi? %ﬂt\/ie%?nf‘ﬁfcﬁﬂfc% two or more

therein, at Feast two fhe plurality o

levels afitriotctresi thathic ovalveo tiding sndewhereimendnaetthadf any afuagd levels is
angl e to one another, wherein the valve trimincludes
arrangedhaskstw wdtherespestdp shopne ot orge riotches@t wae we moreradjanent levels

ofthe YRS ARBLTPbEsB20 a lekRee RRBE pie o
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one anPthiel a0h natrowePpLHOS theswbdgnrohagees of the pair form ng
a wedge shape, and being separated from one anot her

400@5ar Avoser aspect off tthe predegrt- dhvegrdion( GO0BIdEs a valve for
ot her a t of .the present invention provigdes . a )
controf}ing hetrafe OF fovy of ﬁ% Comprivig by Savire ¥ |fﬁ4@ inlet, an inlet
-1 SL.NQ. j f.lul d. inl i.nl et .
pusoa SRS A R Be Sht l A gePchP! i ot

in coBilRéatRAS SRRRVe SutidtUipds@isbhal, A NcoRIHY né(ﬁ@ﬁfngn the inlet
with the outlet passageway, a conhduit coupling'th

passagewhgtandphs saglevpysagdwhlipa ot Bhg phsosgdwbyut thesemiduit; and a
ring disposed about the conduit; and a _valve trim

valve trige ipdndige 2 valve plyg and aplugitip) thy valye timdnelading a plurality of

anti-cabAgH8S 'notehEs %grre?lll,lét)ieé)sft two of the plurality of anti-cavitation notches

being arranged at an acute angle to one another, wherein the valve trim includes two
or more levels of notches in the valve trim, and wherein each notch of any of said
levels is arranged askew with respect to the one or more notches at one or more
adjacent levels of the valve trim, wherein a plurality of the levels of the valve trim
include pairs of the notches and wherein the notches in the pairs of notches at each of
said plurality of levels are disposed at an acute angle to one another, whereby said
notches of each said pair of notches form a wedge-shape.
(0005¢c) Another aspect of the present invention provides a valve trim for a
valve comprising a valve plug and a plug tip, the valve trim including a plurality of
anti-cavitation notches therein, the plurality of anti-cavitation notches are arranged in
at least one pair of said notches along a length of the valve trim, and wherein the
notches in the at least one pair of notches are disposed at an acute angle to one

another, whereby said notches form a wedge-shape.
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anti-cavitation notches therein, at |east two of the
plurality of anti-cavitation notches being arranged
at an acute angle to one another, wherein the valve
trimincludes two or nore |levels of notches in the
Y@30ORN) t rinBrdaf WoSidl 4h SRERAPRAEh @fm 3% &Bi@ﬁlﬂ)l‘t-circuiting
'evel S is arrandged askew with respect to the one or
of fluidrer subsoqudid stages withing vabve it adjydeasitectioeed profide pairs of
valve trim wherein a plurality of the levels of the
notcheg gt spdatedi m i ncl ude pairs of the notches and wherein
the notches in the pairs of notches at each of said
plurality of levels are disposed at an acute angle to
one anot her, whereby said notches of each said pair
of notches form a wedge-shape. (0005c) Another aspect
of the present invention provides a valve trimfor a
val ve conprising a valve plug and a plug tip, the
valve trimincluding a plurality of anti-cavitation
notches therein, the plurality of anti-cavitation
notches are arranged in at |east one pair of said
not ches along a length of the valve trim and wherein
the notches in the at | east one pair of notches are
di sposed at an acute angle to one another, whereby
'said notches forma wedge-shape. |a (0005d) In order
to provide an anti-cavitation trimthat avoids
short-circuiting of fluid to subsequent stages within
a valve, it may be effective to provide pairs of
notches at rotated |Ib |locations along the val ve pl ug.
In particular, instead of positioning notches of a
given pair (i.e. the two notches at a given height
along the valve plug) directly parallel wth one
anot her, the notches may be positioned such that they
are at an acute angle to one another. Each pair of
not ches thus forns a wedge-shape, with a distance 3
separati ng '

b



the two notches at the narrowest part of the wedge.
The di stance 6, while preferably small, may al so be
preferably an easily machi nabl e di mensi on for
facilitating manufacture. This arrangenent of notches

locatioi® ¥l Givaetateopisley If 951@1%&13#' ﬁsﬁaﬂ@f@o&hﬁ)mﬂ@h&&h&@ of a given

travel through nore of the plenum space,
pair (Lspthedwomachdésnat & givehdeighit abong the rval\eebglugb khmmhg pmraélel with
fluid to recover pressure grlor to entering the next
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froma plane nor nal to a longifudi nal axis
small, welyvaspbegrefetablpyn &asity hecHambtedingerfsoon deéauﬂiltaitmg

lug to have a trimthat directs flow avva%( fromthe
manu %%talfq Agisyrangesaengrofinepéchos uganadvansageaushgtoreeflyig within the

valve (o301 niPheh fictelhi it pldfint Siack afil g 3Bind ittegne f the
plenun®tl&feb %fllo%fing@l@é iR RLYvAREREL BHOP fo bﬁteﬁﬂg%@ ﬁ@ft stage.

area ad oppos@d to anti-cavitation “trimplugs w t
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about Q.88 vech, and pnetegddn$.931 inchs which forms asept ningianghein the range
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may advant ageo

flow awily FeNR ke §datin E subfaced bf tHegakiaand @eﬁtf@ﬁgrqﬂ fsefoﬁlﬂﬁthﬁthhls plug

m nimzing | eakage. The plug seating surface may al so

tip rading amd\seamng( apgl@tmay echudipai aredryismgEl hgnbeadafdesirda aomthe order
entr ai neﬂ %W | at e ,and_ ot her debris, thereby
of an appredmaicly “Pheraductipadn upbalagee arca EtSrqnﬂoae@ tcaaan%rrcaﬁ@atlon

trim plﬁgﬁgl%oﬁp s@ &}f]]ulgl}ﬁ)nalan%%ﬁq%, ?11(}11-8 I e ;e ungalance forces

produce@byAhERREE prekifird MOPRARES heRhRR Advantageously, this feature
may minimize actuator thrust requirements at elevated pressure drops,

(0007)  In addition, the plug tip radius and seat ring angle produce relatively
high seating stress levels, which may advantageously achieve extremely tight shutoff
leakage performance, thereby minimizing leakage. The plug seating surface may also
be favorably protected against impinging fluid and entrained particulate and other
debris, thereby increasing the service life of the trim and ensuring that even after long

use, the valve plug and



stress efficiency achieved nmay al so desirably m nim ze
actuator thrust requirenents. Brief Description of the
Several Views of the Drawing (0008) FIG 1 is a
fragnented sectional view of a conventional fluid

seat rimpwill cbntina¢ teextiibtt teght abmtofEparifomnarar. The tacré4AdBontact

2 is_a fragmented sectional viewof a fluid

stress %éﬂ?lfi &?&FW@W% alsn eﬁﬁablyaauutrazqt aetuator thivatTeqyirgments.
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ged C

S""@g()oofi?@ F% e ?*‘aﬁ*éie?#%?*%??ﬁ@%r of Lot feiBal 13 control

valve withae danti-cavigitiongrian; r ot at ed notch arrangenent in
accordance wi th another enbodi nent of this disclosure;
(0009D) FFE‘J 21 isg ﬁ‘agp@nnﬁﬁbmcmeakmew ofta flvisl eexituad vatvenwith an
froma |lowey elevatjon th n
anti-caViSitOp bl esving 2 G B amraenbing SRSk BACCRIGENC 1
embodhﬁ@né’é’i*l‘}h?s Hfsbm ﬁ};:ovvn |n FIG 3; (0014) FIG 6 is a

I 0Ss-sect | onal view taken along lines 6-6 of FIG 5;

(0@1@) FFIG. ZAii$ afl efila@86¢ SRtionaNdlewy taRdh afdiRNlifd 220of FIG. 2;
lines 7-7 of FIG 5; 0016) FIG 8 is a

€POKl- s cElG chid anvelevated iperspekting vidw ef a8abveotrink héving,a
0017) FIG 9 is an enl.arge erspective view,
rotatecﬁm%% ARAGmepf i ahsodange WFh FRaREhEPRdRmen ofshi disclosure;
tli n_that, of FIG .4.
6L, LRI 2 LS BB ViER AR vhllR efth shpVaf 1. 3, takeen
from a(l@@él%leﬁhﬁm%ha&h@n‘é@oﬁFR@Wem' onal valve 10 with an

anti-cavitation trim The valve 10 includes a fluid
00EY) 12FIG 5 s froatiplaatviéw,ofahe valviel trind showetin FIG. 3;

sagewa 16 which couples the fluid inlet 12
E&? 16’3 EIYG& isra @@sweqtmr@ view takentdleng hass bfeobllIG. 5;
e 0t B R o s ¥ P

(0016)  FIG. 8 is a cross-sectional view taken along lines 8-8 of FIG. 5; and

(0017)  FIG. 9 is an enlarged perspective view, broken away, of the valve
trim shown in FIGS. 3-5, taken from a lower elevation than that of FIG. 4.

Detailed Description of the Preferred Embodiments

(0018)  FIG. 1 shows a conventional valve 10 with an anti-cavitation trim.

The valve 10 includes a fluid inlet 12, a fluid outlet 14, and a fluid inlet passageway
: 16 which couples the fluid inlet- 12 through an orifice 15 to a fluid outlet passageway

18. The valve 10 is of the flow-up variety, in which the fluid inlet 12 and fluid inlet

passageway 16 are disposed at a lower level than the fluid outlet 14 and fluid outlet

passageway 18. A valve plug 20 is



passageway 16 are disposed at a |lower |evel than the
fluid outlet 14 and fluid outlet passageway 18. A

val ve plug 20 is 3 connected via a valve stem 22A to
an actuator, which is not shown, but which would be

ik iaQARA 22A, e Qr [ '

conneclVih BNARR sBAF 224 WG R (30 b B PR mpidbe
.. pl 20 10 receiv for exanple, a groove pin (not
positiofi SheS & A IFE SstiRA. JanG B MBre pestrts doPies pEMdBdstcarile top

22A. A ca%e 23 is positioned in the fluid flow path to
of the yalyq plug 28 to tresivecigr examplet @ gioove pin (obt shiosrm) taiseufel thevvalve

An outer surface 24 of the valve plug 20 contacts a '
- plug 2Gstorthe valvaStenf 22A s Aadage 2B ds psitiotiel hin tHeeid FbRGRI2E Bfluence
the seat ring 28 formng a valve seat for the valve

 desiredheghcBRistiéOSFLRS fLTA Aty SRS ertsﬁrfﬁiﬁe%@?f thE vk %Ldgoébncontacts a

within the valve 10, it is desira 0 provi
' i al i ol ] izcavitati tri.mmy. :
surtaoci¥ ff AL 20 Apb] oAb of B2 S ok 3R S g vavsseat for
th a129 t 0 @efi ne a staged flow path. The notches 29 are - :
eV W%‘Vﬁ& dto facilitate keeping fluid flow ng past-the
seat ring 28 at a relatively high pressure, and
PN dn ay effart to prengntdavitpties within tho valee 18,46 desirdbieto provide
- fluid reaches higher stages. (0020) In operation, the
an anti-ggvitaionrtrige| Axcariticedvitation esmtrhsy will2ée flaMy’@AyndRdricall
: thus noves the valve plug 20, downwardly towards, an

placed heteRési9oReBNe b s@BEd 1H® g%gﬁt ’{‘{1}& f¥lc S 39%66 8@gﬁfedtt8 facilitate

respectively cl osée and e va causeée _
: i gt ' £ f 4 withr ect to
keeping A3 Ao pasy B 3604 48 B8 4P rily Dgh prsihrh o dracialye
' .at. which flujd flo et yween the val ve plug 20 and
aliowing the presgure hf&%,se ?,s\gﬁ? ?]6‘1‘4\%4@11?5%51}% B@&¢Sye position of
the valve plug surface 24 and surface 26 of the seat
(G0RG) Emoperation, Eheastuataraalectiveymaes theeval v stern 22 Apland thus
: fluid flows through the valve 10. (0021) However, due
moves tihlo valve phegi2f; dowoslardl epeards, dndeapwatdls avay Grosi) thedeat Aflg 28 in
_ along its
order to respectively close and open the valve 10. Because the position of the valve plug
surface 24 with respect to the surface 26 of the seat ring 28 determines the raté at which fluid
flows between the valve plug 20 and the seat ring 26, controlling the relative position of lthe
valve plug surface 24 and surface 26 of the seat ring 28 can, to an extent, control the rate ﬁt
which fluid flows through the valve 10. | |
(0021) However, due to the geometrical shape of the valve plug surface 24 along its
area of contact with the surface 26 of the seat ring 28, fluid passihg throu_gh'the orifice 15
from the inlet passageway 16 toward the outlet passageway 18 is not directed away from the

seating: surfaces 24, 26 of the valve plug 20 and seat ring 28 to a satisfactory cﬁtent in o_rdérl

to optimally minimize unbalance forces in the region of the seating surfaces 24, 26.



area of contact with the surface 26 of the seat ring
28; fluid passing through the orifice 15 fromthe

inl et passageway 16 toward the outlet passageway 18 is
not directed away fromthe seating surfaces 24, 26 of

t(0622)ah ke, dleud tROproxEnisLat thé inb&hdS29 @ cﬁiesaﬁbﬂﬁf' Qﬁ&@ ¥a problem

extent in order to opti mal y m ni m ze unbal ance

A
of the ?ﬁﬁ%ﬁéﬂif*&i"“ﬁé JZS"P%P%’eff%f?%%?%@%‘tﬁ%ﬁFﬁ% ot wésu%&%g
anot.her [ is.a proble of the flui
of the YT REEPIRRih, er} iy inctnd plésSive domnshs toRuickty i s ot o
“.the next wthout making use of the interstage pl enum
Sufﬁc“?‘%‘éiﬁ"ﬁ%?ﬂ’t’“ﬁh’én .pressure dropping too quickly and
thus not sufficiently avoiding cavitation. (0023).
t(he23)dmahevenpining diawgng figuresslikd iekgerice hanbeears 'uml@édsto refer
are utilized to refer to those features shared anong

 to thosk feangesinidd zﬁﬂ@{cﬁ taivehfiof Sl R8N q@Bge b€ the preferred

preferred enbodrnments of the present disclosure.

emb°d{£%§f*@ﬁﬁ‘fsgg lc%u}@]al ve 30 is shown in which a valve

trim ve plug 32 having a, valve plug

th a cul ar | t ageous ,geonetric _
ﬂ@%@%‘ F?én%’” W‘éﬁ isishopp R P%e@l 3 GlYR @i A “Eﬁi%ﬁsaﬁn\‘?é"e plug
L forces in the re%lon of seating surfaces associated
32 haviggravalyeplyg pwibacs3dgvitipa pamisulasly\advaitageoso gérametricshags,
tip 34 having a radius of preferably about 0.03 inch,

implemwntedrinoedep tefednedbihg unbalaide foneds in THeaegion bhseatiag sﬁffaédse
seat ring 28 is preferably angled about 75 from a

 associaRldawith BRivalle plog 32, TREVANE IR 3%% @ﬁ%ﬁ? 84 Yaline aollaﬁﬁxs of

32. This angle, referred to generall ein as a seat

h ' :
Pf°fefa"1f‘ﬂ’°ﬁf‘%b%Maslﬁfn*a@%%ﬁ%é% 03B SR A e g scat ring
28 s oy e Ao 7o B o€ o ¥é‘8ﬁ4%%§reé%ne¥aaﬁ%é {hgrvplye plug
pl ug, 32 and seat rin 28 which results in a
32. This B8l rf‘cf%zmdswgcé@reﬂggemas apeas ring angle 'weokahout 75°% in

: . m nimzing unbal ance forces produced by the fluid
combingties withdhelplog tipPBddiavihk 4 mdins efmbentgk0Binch, and more preferably,

: 0.031 inch, advantageously directs fluid flow away from.the seating surfaces of the valve
plug 32 and seat ring 28, which results iri a significantly reduced unbalance area, thereby
mmnmzmg unbalance forces produced by the fluid pressure drop. FIG. 2A is an enlargement
of the region of Vthe radius R of the plug tii) 34 of the valve piug 32. |

(0025) This combination of the 75° seat rmg angle o and the radius R of the plug tip
of about 0.03 inch, and more preferably, 0.031 inch, is also found to result in an extremely
tight shutoff when the valve plug 32 is closed, thereby improving resistance to leakage -
resulting from high seaﬁng stress levelg,- when compared to conventiodal valve plug and seat
ﬁng arrangements such as that shown in FIG. 1. The unbalance area is aléo reduced by

approximately 90% as compared to such conventional valve plug and seat axrangcmehts by



of the, region of the radius R of the plug tip 34 of
the val ve plug 32. (0025) This conbination of the 75-
seat ring angle a and the radius R of the plug tip of
about 0.03 inch, and nore preferably, 0.031 inch, is

atilizinglthocdrabindtiéw of @B b sdafrif b aoBlthe radi3} ofihe tip of ab -
when the val ve plug 32 |sg‘g?ggsed t her eby iﬁprox}mé 1p ol about

'0.03 inFESELRA %sﬁﬁtlhﬁﬁhﬁ'&ﬁm ih ﬁ&o@ E.l%g:#élagﬁ 5?&.?%? \[/}% actuator

stress levels en conpare tO conve

a arra ts such as thaj shown in
crust i enff R Qorgle e BUERRERT Y, ediPg difcate By contact between the
. roxi mately 90% as_ conpared to such conventi onal
plug tlwgferéd pal @maﬁé Qe s arentedaunied sigssefficiendys wigch fugther
conbination of the 75 seat ring angle a and the radius
minimigesofctudter thiusyraqupementabout 0. 03 i nch. Such a.
substantial reduction in the unbal ance area greatly

KO0R6) eFhet fasthacdnistb Pentt dFak Shtil @A RTRR n Y vaREHRLRS as the

pressure drops. By reducing the area of contact

utilizatiloFeRihed 89 s?e{c'é@ afdn thé v%?? Pﬁlg%tz enh %h tﬁl}ﬁ tsﬁ%tpﬁ” ‘and also

I NCr ease con act St €ss ency,

at or, t hrust re r 0026) The '
ad"a“‘%%&f’?ﬂi .PF‘%’.J\%1 > ?f%‘?w‘Pb’BF‘Eﬁ &J Eﬁme@tm@ﬁfaﬁ% Ategdn g yalve with a
al ve 30, su as the uti I i zation of notches 29
staged éﬂ‘é{d’é@ Th a{I‘F?él shutofetightuess 2ppastiendady advantagepghbecause it
shut of f; and al so advantageously provides the
Serves MMm@cprb\sﬁmeidaksgeobutaalsmm,pretécwhb pheating aaficss fom
valve with a staged flow path. The enhanced shutoff

impingingghiid.et swélbagfedrhicatthRed parfeHRRY ALUMS &Bﬁ? liﬁ@reb} mcrcasﬁlg the
serves not only to prevent | eakage, but al so

installe ‘HS% g%ggvgﬁmrg@bu Gt ﬁ? r'ﬂgd;t ‘;L:ﬂe;e D%EI?I 4 ux*x%’f%g §??§qw}h%r }
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. us Wit h conventional valve plug 20 such as that
°fn°t°@§&%m@i%ﬁﬁ@&0%mﬂ%ﬂar es thepsa?ne arrangenent  of
not ches 29 as the valve shown in FIG 2. (0027) FIGS.
Q0273 FYaB ah9 shewnanalternetrmmbotimentfor a salvalttim 40, i Theddetails of
The details of
the plug tip 34 of a radius R of about 0.03 inch, and more preferably, 0.031 inch, and the

relationship to a valve seat (not shown in FIGS. 3-9) having a ring angle a of about 75°, are
‘the same for this embodiment as m the embodiment shown in FIG. 2, as best shown in FIG.
9. Another feature 1n the detail of the plug tip 34 best.shown in FIG. 9 is the stepped-slope
geonietry of the plug tip 34 in a region beyond tﬁe plug tip radiﬁs R that selectively -engegesr A
the seat ring (below the plug tip radius R shown in FIG. 9).- | |

(0028) A fﬁst portion of this region of the plug tip 34 beyond the plug tip redius R :
forms a fu‘st angle of preferably about 30° from a longitudinal axis of the Qalve plug32. A |
more distal second portion of this region of the plug tip 34 beyond the piug tip radius R has a |

more gradual slope than the first portion, and forms a second angle of preferably about 60°



the plug tip 34 of a radius R of about 0.03 inch, and
nore preferably, 0.031 inch, and the relationship to
a valve seat (not shown in FIGS..3-9) having a ring

angle a of about 75, are the sane for this enbodi nent

from t}ﬁslohgitddih@al %HQQ#'IH@WIV%QQE@T ?’RFS s%é) sﬂ%afek}?%ign F&%%dé}ip 34

9. Another feature in
v R AL B s BRI R BB v
adj us Rt t se ectiv engages the seat ring
plug 3{%1 5& By 4@@%@?@\*&%&@%@ the ma@nggwfac(ea,(ﬁ%)
A first portion of this region of the plug tip 34

significsat}p retluced upbalgnoed preadsizcdeved ahd unbalandedrfotces pidaced by the
preferably about 30 froma |ongitudinal axis of the

pressur¢alroiearelmigidzedA nore distal second portion of this
region of the plug tip 34 beyond the plug tip radius R

O O Aok S i
valve uhﬁlg’p pé gﬁillbp eaﬁf 85 Fg(ﬁs E#&f%ga%gﬁgusﬁ? Bsnggfde?lt piurahty of notches 42,

geous enhances the direction of flow away
44, 46 ggo?#? tﬁéh%%’a aldocations setated relptivee tohe notches 2P afroamentional anti-
seat ring 28. By directing the flow away fromthe
cavitatign fniip ghewn ImEKS, 1. Eaxhgairfof aatchesof egiver dlevntiai, forexample
area i s achi eved and unbal anced forces produced by the

notche42; S ure dibpopedratentticiieingRdo ohd Qﬁ&her-rﬂ)rﬁﬁﬂ% § Wpd-Mupe, rather
probl em of short-circuiting experi enced

~than paﬁaﬂfel to-Ghél dnBltie? s al‘éq'lo‘(&eg f &ﬁweﬁ rag Fltl’t?y v Ion%ﬁlgls %stance )

3-9 advant ageously provi es a otc

seprai o p36nee Sﬁ’zqfdceﬁéﬁp%%&ﬁé B B b st

cayitation fri shown in FIG 1. Each pair of notches
shown yx the crpssysertiopal Wiew s FIGof. Beeherpbly. theclistanos &3 a semll bat e

di sposed at an acute angle to one another, formng a
reasonapbsgachipaidedimensios:  t han parallel to one another as
: are notches of conventional anti-cavitation trins. A

030n Bach fair sEpsichdsetong e vilve RYAMCIVSS pleferably &tat&ﬁ%ihtwe o
pair at the narrowest part of the wedge-shape, as best
 the adjacent pair or pairs of notches, as best shown in FIGS. 3-8, such that the distance §
separating the narrowest part of the wedge—shape formed by notches 42, 52 is offset 180°
from the‘ narrowest part of the wedge-shape formed by the adjacent, next-higher pair of
not;ﬁhe_:s 44, 50. Furthérmore, the narrowe#t patt of the wec_lg;a-shape formed by the pan' of
notches 46, 48 is offset 180° from the narrowest part .of the wedge-shape forﬁied by th’eéai'r
~of notches 44, 50. Thﬁs-, the not;:hes 46, 48 are arranged in the same orientatic;n as the
notches 42, 52. Fewer or additional pairs of notches, as well as other relatlve orientations,
such as offscts other than 180°, may be prowded instead. |

(0031) This rotated, wedge-shaped ar.rangement of notches 42, 44, 46, 48, 50, 52

- results in fluid passing from the inlet passageway 16 to the outlet passageway 18 to spend



shown in the cross-sectional view of FIG 6. :
‘Preferably, the distance Sis a small but reasonably
machi nabl e di nensi on. (0030) Each pair of notches’
along the valve trim40 is preferably rotated relative

v 6 0 S o o e & sentios

: .separ.at | th . st. part of the wedge-shape

more g A 3F BiStlyRg: thedid 5 bedor fhle i resaver paessur star i entering the next
narrowest part of the wedge-shape formed by the

stage, vduglntadvces epvitatioi.gher pair of “notches 44, 50.
Furthernore, the narrowest part of the wedge-shape
(003@) A lymathelypahe arfled MRS 49 -30m4P b Eoﬁfif)ﬁ&i inagﬁéndenﬂy or in
fromthe narrowest part of the wedge-shape forned by :

combinhtiéh Repdirs SHnddHes NGevert altégatemﬂfeentiﬁ&gsgﬁ{]ﬁg %?])g{hg% %rgdgpairs of

are arranged In t’he sane orientation

' 42 . E . Qr itional pairs of notches, as wel| :
notches ey sENRling or A eoBlfl nffErt. o Brnidk o awpexpeimian an
t han 180, ., may be p[_ovi ded instead. (0031) This

Pressurg ey ery, Prfe & Brosh toythe aeglestegn: 1Bes adrantageously prvides an
46, 48, 50, 52 results in fluid passing fromthe

enhancqdabdlitygaachigeedosited pressuiestaging. eForpxamplrs iiyealifoftin all angled
spend 7 nore tinme in the plenumas conpared to

notchescl@dEbeing aahngudl inpagy, théy Edild be affngddVsush S 1209 firdl BVR1 of the.
time in the plenum the fluid is better able to . '

valve trinf CEORIspOIBAS 0 & filkt isﬁ?e)ﬁ]tﬂe%g%g%:ﬂ%f%ﬁ&:h@f%eqz; "i\??geecond level

whi ch reducesS cavitation. ernati

- may. .b i tipned. independenily :
of the vA1€ 156 GO EBOR1E15 2 8PPl Tieig BbCmeppRB o foiches 44, 50,1
. ,.al ternat e bet ween i ndepgndent notches and pairs of :
a third IRYg1 B e ValYe iR KeareaDoiing 1A i stagen thespiscanilyg single notch 46,
. pattern, to provide maxi mum expansi on and pressure
with no oghes wetah 4y thay thirdleyelo sadati mfpurth leved ofithetvattegim (Briesponding to.
advant ageously provides an .enhanced ability to

a fourthatdgey therd againadulil ifss pai oBhGtehddg - THiOMight dedeSerited s §2d-2-1-2"
of in all angled notches 42-52 being arranged in -

arrangerlﬁglil/tgclﬁ’ ’ng]!téh?%,e\ﬁl@é%ﬂl thE nbERIRFicH Tk AltAber Y ndtdtlel Blovided at
each respective level.

(0033) Thus, a "2-1-2-1" arrangement would indicate a pair of notches 42, 52, at the
first level, a single notch 44 at the secbnd Ievei, a pair of notches 46, 48 at the third level, ‘and
a single notch at the fourth level. Preferably, fhe notcﬁes at the levels including only a single

' notchlwould still be arrange_d askew, ie, af an acﬁte angle, with respect to the notches of at
- least one of the next—highef and next-lower levels. |

(0034) While the notches 42-52 are preferably angled and the orientation of adjacent- '

pairs of notches preferably alternate in the manner described, the valve plﬁ_g 32 may Still hévé

a random orientation relative to the cage 23 (not shown in FIGS. 3-9). Advantageously, by

achieving more reliable and more gradual pressure staging, certain restrictions typically



valve trim (corresponding to a first stage) there is a
pair of notches 42, 52, at a second level of the
valve trim (corresponding to a second stage) there is
anot her pair of notches 44, 50, at a third level of

e cor pon to a thi.rd stage) there
utilized Hi yCY flobs kﬁ"f"& pptro P%“%’?ﬁ 316 Uliresh maw B Felased, or opened
hat ird | evel and at a fourth level of the valve
up, at iﬁlﬁt rﬂleg%y hponeoticipga highes oanasity vakye withohesaerifigiag pressure
could be a pair of notches. This m ght be described as
drop capabflities]1- 2" arrangenent of notches, wherein the
nunbers indicate the nunber of notches provided at

. €80B5Y Atheegh R diR¥Rhre 00853 )on WeHgin pﬁ‘efe?re% el%bédlmeg it is not

arrangenment woul d indicate a pair of notc

intend<d tolHso ﬁlhftﬁ’l? heYiats ns%@ Q%Lneagg % {hlg ?ﬁp&%rgseg%glgggéjhercm

eve a palr of ot che

S| not ch he f | ev Preferably :
 withouf Ao iR G SR b B Bl B @El@atéresﬁ%‘{"léhm the scope
notch would still be arranged askew, i.e. at an acute
of the appghded glags. Kos sxample ohe Wélg‘fﬁdm@hb@ oflowtdowneeadve anmsherftype of
t he next-hi gher and next-lower |evels. (0034) Wile

valve, tatiertbarcthe Slos2ugs falue as shoefreinaht Yrawigged and t he
orientation of adjacent pairs of notches preferably
alternate in the manner described, the valve plug 32
may still have a randomorientation relative to the
cage 23 (not shown in FIGS. 3-9). Advantageously, by
achieving nore reliable and nore gradual pressure
staging, certain restrictions typically 8 utilized in
a fluid flow systemin which control valves are
utilized may be rel axed, or opened up, at |east
slightly, thereby producing a higher capacity val ve
wi t hout sacrificing pressure drop capabilities.
(0035) Although this disclosure focuses on certain
preferred enbodi nents, it is not intended to be so
limting. Variations nmay be nade to the enbodi nents
descri bed herein wthout departing fromthe scope of
the present -disclosure and that are still within the
scope ' ' '



of the appended clains. For exanple, the valve could
be a fl ow-down val ve or other type of valve, rather
than the fl owup valve as shown in the drawi ngs. 9
CLAIMS We claim 1. Avalve for controlling the rate
of flow of fluid conprising: (a) a body having a fluid
inlet, an inlet passageway in comrunication with the
fluid inlet, an outlet passageway, a fluid outlet in
communi cation with the oL#&tMSpassageway, a conduit

wEOYRLI ng the inlet passageway and the outl et
passageway; (b) a seat ring disposed about the

1. condUVﬂveﬁm¢mﬂmMa@WhehnéaﬂﬂmmbﬂﬂMHgoapﬂﬁhge plug and a

pIu e.val m i ncl udi n Jurality of
Pt o Bodsbivine S0 il wofustopaeSynin i o avith the
fluid liﬁl@i | 4nY o@iet %Hsbzg@@&jrt AtMEA outet GheSnRRIntGHaA NARYeE: outlet
at an acute angle to one another, wherein the valve
pagsegeayne Fenslall couplingdhe indat passagastay asd thearutlRiarpssagewne
val Jiotch of any of said
Iev J%%ﬂ%gﬁﬁﬁ;@%ﬁ%ﬁ%ﬂ%ﬁ%ﬁ fespect to the one or
nnr@ﬂnntﬂh@ﬁumhmhmmupavdmcphgﬂmdaqﬁhgnps&eWswaﬂnthmchmga
val.ve _tr|. erei | east ne of id.levels. of. the .
PRy D i Thyi Ao GaChd e ot REF 4% o e tuHELr Al deVation
notBELChESs Qranizb@ aPai dcufLiFld@ che\WROMEr, iR thendlveaiiRtincludes
separated from one another at a nar r onest part of the

Vel gors ks, of yotches i th| vabvertgim, @ohmhetein prghimetchy of aayort said

le\fehsoi@’aﬁgna%hlébl%vvc@m? sgk:cggo tl{eaane‘%r bagy n&@l‘{ésrhg offe r;)th’l'oﬂe adjacent
inlet | et passageway I n comrunication with the

levfelanfdhe wiletfriman out | et passageway, a fluid outlet in

COMPL ke 120 $hd O &

e\%'lg loF hme valve trim includes a pair of the notches,
said notches of the pair forming a wedge shape, and being separated from one another at |

a narrowest part of the wedge-shape.

10



passageway, a conduit coupling the inlet passageway
and the outl et passageway; (b) a seat ring di sposed
about the conduit; (c) a valve trimincluding a valve
plug and a plug tip, the valve trimincluding a
plurality of anti-cavitation notches therein, at |east
two of the plurality of anti-cavitation notches being
arranged at an acute angle to one another, wherein the
valve trimincludes tw or nore |levels of notches in
the y I j not.ch .of any of said
Z|evé?ghyiﬁéﬁ@ghggﬁg%ﬁﬁﬁéﬁﬁﬁ?ﬁ%fﬂggg§%PF§“§he one or
nor éa)nobodyekavaiig o fimidinlepae irelj pe@gtway 8vedismaodficitioa with the
~Vvalve trim wherein a plurality of the |eyels of th
o . ) PG CPasce Y-y & 31 gitieh i cRBUHEPtion it the outlet

-pasdagewﬁgg & B@Riui ol gnaé et PhssAQIERARA Me &@fég;géaéag%ajhﬁ

plurality of levels are dispoSed™ at an acute angle to

one (Bhotchling dippasedgboyhthg capduihes of each said pair of

not ghe, : Wﬁg%f- 3, 4l % Hﬁim .

or ZB a\lsl\,l‘%gel{r?éeer?;il the %ﬁglggi%}]u%%ddah@fl% ?igl ?}ey a}) pal i éIUdmg a
plahlityatf @hesavitation sefghesathectirf, mbragneo afiohdeloraity af anti-cavitation

rrowest part of the wedge-shape. 4. . The yalve of, .
noifi RS brRed g s B0 CRBLe MR Lot Mg fampcludes
twd &r Gndiaiidvelsaff noRdes R theafabreOtifn, 988 whetedt bX® ddicHoet dhy of said

notches of an adj acent of said pairs of notches. 5.
levehis ggpRged gskey withraspest to themedsir mage Relichenm spe pamorexdjacent
lede\Eo 5 e of said at |east one pair of notches

is off-set relative to a narrowest part of the

we d géhesdina p plupdlity ofithed ey ccefithe oflves tring ipdudegact ofithecloghes and

6. .The valve.of claiml or 2 er el he. se ring J.s
i B RS e R oo e ot BT P DplbETiy Eflvds AR disposea
at @xX heielinpe: folvne debther, WaBgbY bl Rakcha>dfSad saldgaivél noches form a

plug. 7. The valve of claim1l or 2, wherein the plug

wedgerShaps. a radius of about 0.03 inch. 11

3. The valve of claim 1 or 2, wherein the notches in said plurality of pairs of notches

are separated from one another at a narrowest part of the wedge-shape.

4, The valve of claim 1 or 2, wherein both notches of at least one of said pairs of

notches are off-set relative to both notches of an adjacent of said pairs of notches.
5. The valve of claim 1 or 2 wherein a narrowest part of the wedge-shape of said at
least one pair of notches is off-set 180° relative to a narrowest part of the wedge-shape of

the adjacent of said pairs of notches.

6. The valve of claim 1 or 2, wherein the seat ring is disposed at an angle of about

75° from a plane extending through a longitudinal axis of the valve plug.

7. The valve of claim 1 or 2, wherein the plug tip has a radius of about 0.03 inch.

11



8. The valve of claim1l or 2, wherein the plug tip has
a radius of 0.031 inch. 9. Avalve trimfor a valve
conprising a valve plug and a plug tip, the valve trim
including a plurality of anti-cavitation notches
therein, the plurality of anti-cavitation notches are
arranged in at | east one pair of said notches along a
Ien%1h of the valve trim and wherein the notches in
8.t he The vplag of clawe | palrwistein theqhes tiphas aliadive 966,03t ingh.
acute angle to one another, whereby said notches form
a wedge-shape. 10. The vaIve trimof claim9, wherein
9. t he anlcdn&imifur s aalbe abmpsesiag ao.mevep;ﬂhg aad a plseppriat edlve trim

n oth r at a parro part of the. e
i Sanupls’ ok eoifolion BSERn TR Gt wudioy o8 andrpgiation
nofthBd M‘é@trlaﬁgédQﬁ aPRh§onelpat: B sNOLERASs ABkL 2 WAGHEIMKS Plve trim,
notches inthe plurality of said pairs of notches are

and waistsaethe gotches mcthe at lapoac paibobneickasgradisposah el aippute angle
to Bfid %oﬁ%h b%f a neg o‘ijmpda\k/édl%ggspgk%t ches form a

wedge- s e va ve tri claim 11, wherein
t he notches |n said plurality of pairs of notches are
sep ate qﬁan ther at _a narromest

105 o R TBE LRSI g PEirey 1 BROeR R 21 [l e pair are

se;ﬁ‘atbd?ﬂ&ﬂh 28 @n@tﬁeﬁa’ilatﬂlaﬁatk/ésfﬁ at ok Ghage kisapef f- set
relative to an adjacent of sald pai rs of notches. 14.

The valve trimof claim1l wherein a narrowest part of

11t he Tyedgfzs ?ﬁ:g%focflatﬁpbdlrﬂudnlgeg ) ovve§, Qﬁgﬁxrsotn; ﬁ%}]g&%s and

Is of f-set relative to a na
Whmirg theglotubes withe pluealdylpbmehpainsfol aaiclieqtme dspakd abdcives:, angle

o enk ek oeisinegofieth pis A pEnélodes Tl § Bepidappne

of claim9, wherein the plug tip radius |s 0. 031
inch, 17. The valve trimof claim9, the gﬁ
12h avilthg valvs g 1of 5laimal Lsvhamein the metchesy & §a1d 'galgwsoft pairs of

noRB&f ark ‘sé]ﬁra"t‘&ijfr&n%h@ eﬁﬁﬂer%t DRGSR Bik BEXOW Fe-Blapg t1 P

radi us, 'the stepped

13.  The valve trim of claim 11, wherein at least one of said pairs of notches is off- set

relative to an adjacent of said pairs of notches.

14.  The valve trim of claim 11 wherein a narrowest part of the wedge-shape of said at
least one pair of notches is off-set 180° relative to a narrowest part of the wedge-shape of
the adjacent of said pairs of notches.

15..  The valve trim of claim 9, wherein the plug tip has a radius of about 0.03 inch.

16. - The valve trim of claim 9, wherein the plug tip radius is 0. 031 inch,

17.  The valve trim of claim 9, the plug tip having a plug tip radius that selectively
engages the seat ring and a stepped-slope region beyond a plug tip radius, the stepped

12



sl ope region including a first portion adjacent the

plug tip radius, said first portion having a first

angle relative to a longitudinal axis of the valve

plug, and a second portion having nore gradual sl ope
than the first portion, said second portion |ocated

nore distal to the plug tip radius than the first
portion and having a second angle relative to the

sldpe megienuiaichiding aafiisspagtion drkacgal the pplauip, radihxarseﬂd;ﬁrsttwrtion having

a tir%t c%gﬁa relsa{tl%) ol ?o%'gﬁudlﬁ RO R 9 I \Eee tldg,];aln ahs%cor¥l l})ort?oerphaving

aces de
maradradaalosiopd ﬁh&n seafirst pcrrgon K3id sTEbend/ﬁi»rﬂ&n tfcaet anare ﬁYsIal to the

wherein the first angle relative to _a | ongitudina
PR3 g he ﬁrsvsorﬁg gnd Bavin oo gt i helgpgitudinal
axﬁﬁﬁ@l@vmlﬁg,rﬁﬁéi‘éﬁwtﬁe El@%ﬁkdl-%tg:' rbidh BétvePtd] dredff flow BRay from

val ve plug i S about
at least two seating surfaces deﬁned by the plug tip radius and the seat ring.

18.  The valve of claim 17, wherein the first angle relative to a longitudinal axis of the

-valve plug is about 60°, and wherein the second angle relative to a longitudinal axis of

the valve plug is about 30°.
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