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FLOW CONTROL VALVE ASSEMBLY TECHNI CALFI ELD The present
invention relates generally to fluid flow, and nore

w@asobiogwb@rly to a fl ow control val ve assenbl yPCT/US2005/035724

BACKGROUND OF THE | NVENTI ON Fl ow control val ve
assenblies are used to provide a substantially
constant fluid fl ! wing line
pressures. Appli c%%ﬁéégﬁﬁgﬁL?n%?gg%S@g%m rol
val ve assenblies include, without limtation, drinking
i erage di spensers, automatic washin
&E@%&Eﬂ#ﬁ%l ot hes or dishes, hydraulic and °
pneunkteipgessytdiresntion @itaspendrally tb fleld flav, end wozs, pagivylarly to a
ﬁneumati C lmachi n@ tools. A known design of a
PERORE 718 25HAVY assenbly i ncludes a flow control
positioned in a val ve body, wherein the flow control
has a central thr age, and wherein the val ve
BOGF RV R LF EHE}%%E\P%% w channel . The flow control
i ncl uelew-cBRtrélRElvE BaBMbINE asdhist@feproddeowbsthiitdncbestnofuid
surface, and an outer cylindrical surfac

er . =B The
dovinae Pk ATHEE PHRITENE 118G Bressytes. .Apphcatlons which employ flow-control

LapgitdiiRaldcHab Wi at lifhtioh Sfinking TountBe bevER@e Qidh&kers,
cylindrical surface has an annul ar seal which projects
patdinaticl washing weechines fonelpthes ¢dishes, bydrayligrand aneusiatic gystems,

gllltﬁlingti\tel fge\ﬁgnjﬁ%lgrﬁ,% S?l%ﬁ'na(flg DL fhe tBfsOUgh passage under

ow an pressure. Wen the top surface
of t ha khdemdestantafelflomscostrb) valveassemblyan¢lodesfaiflowgcontrol

, I f eet ' - 1

PP e oR G BT il o, R PR Lol B PO RS
siibjeicth@ thlvehody icgyhies b bjaspilesshanesl. Theflow sortiod mcluflessm
SRS 15 UL Sy D000 B S st Th
g&@hﬁt@id m %Sﬁﬂin_l Slﬁﬁigs hﬁlailgmﬁﬂinﬂl}gm%*rﬁ% rqsﬂiehl_ffeetv ahe euter

ody preventin SsS L Still, ientis a
P A R W e P S R
icﬂ{%/i’dﬁl«!ﬁ@uﬂc@%ﬁﬂi@&@ thiakl e aeRRMGURE pasSfAVRRY 206w BitEa high
I NVENTI ON A first expression_of an epbodi ment (if t he
Fhidcmesign. Mo Bie top TFge SldhR ROY MOl B E%?FEW ow fluid

%} Gl liRTed pYRiS: PR B Wi DAk HBRT WhdAWhS@P iirPice of the

e valve body has a |ongitudinal axis and has a val ve
Slowtconty s sphiegted tembigh Aeidparssure, thegwplient & collants e flow control

engagingly slides downstream a distance in the valve body, and the annular seal seats

against a shoulder of the valve body preventing bypass flow.
Still, scientists and engineers continue to seek improved flow controls and

improved flow-control valve assemblies.

SUMMARY OF THE INVENTION

A first expression of an embodiment of the invention is for a flow-control valve
assembly including a valve body and a resilient flow control. The valve body has a
longitudinal axis and has a valve seat. The valve seat includes a completely-annular
radially-inner valve seat portion, an at-least-partially-annular radially-outer valve seat

portion, and a bypass-flow-channel exit. The bypass-flow-channel exit is located between
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radi al | y-i nner val ve seat portion, an
at-least-partially-annular radially-outer val ve seat

W@eIohiog1e50 and a bypass-fl ow channel exit. The PCT/US2005/035724

bypass-fl ow channel exit is |ocated betweenthe
radi ally-inner and radially-outer valve seat portions.

?L]g gadia?lﬁ/ dl"‘lﬁ:’? Dhd Jah% GORE Ve dost é)%ﬁ?)lng | PEdsilicht 106 YAk

as an up t ream-t op a downstream
tsm:ittotnad sthd b, bodyl dndshashan @psjwalpaq'awgfece, Fdewpiea ppttom

fa%?a %ﬁd %ﬁla%u]gh ?gﬁas%%r;\z tThte tﬂgttgrgh ri L Xeag%gﬁgstgl?éer\sﬁgalﬁ}z 2Blter valve
&@epditsén ltrfder 4 lopesandfaddgher find ptdsmcu ghinstthe tapesuiface. The through

| ocat e a radi a nner valyv
Basspee eéfrf ‘Elar%'e m%t %ﬁl?esrﬁial?@’élém?r Vagvﬁ)aé%aé apar ? h ?%t e
sieice ﬂdpzibledj ¥palr TR the adtdiﬂly&ﬁﬁr vplos t;eaopbrumdmdet the 1dveenglnid

| uid pressure expo p annel
RSP O PRGSO Pene AT o S bSO LRy A e AfRLis e
Yl aY§-iSRAVal RO ﬁ@)&ldﬁﬂﬂlﬂér thd i ghvr GRT préssute Bldokiag Shetepass-flow
bl ocki ng t he bypass-fl ow channel exit. A second
ebaspdgsiton of an enbodi ment of the invention is for a

flowg 9&105&’ lsxp\fc%ls%ﬁ‘ o%&ﬁ@dﬁn&n‘ﬂ 61 4é id@@ntﬁm\{ﬁfoy & fleRton@ndalve
aresilient flow control. The val ve %‘ has a
t

bsspably filchudingotreatverborly and 4 resiipns ﬂpéfsqomr@n he Ve beshithpop bypass-
hgw%gg'ﬂntei ek El?sflgﬁt R & tlgpig¥ ﬁt?n%g!i Rfthk 985e Bty and includes

pstream top surface mnst ottom surface, an

anmtlmrea:m kdprsdrfacesd dcsnmstfraﬁmeb@tmn%@iam gn phier @bpdl’mﬂhsurface
bott urface r T 1
SPGB A ARy T8 Ul Bt
@hrame hara mBstamelly canshisliahaiergs bhetrmtsaiongylhq oudiricyladrical

surface fromth ace to the.battom.surf .
fifécs §ord ﬁ‘? OB FYE 2368 ?(ftge 5% 3t ﬂm% © a’fr:")? bﬁ%o rsﬁrsfal‘cg A ﬁléi of any
Rt 6163, STl tReemi sirfsdeapaepddoo blook Kletblyﬁass flow-channel ex1t under a

ass-fl ow channel exit under. a hi r flui r
BighP B0 PR TGRSt o St £ @bt Hehapits HoRl R S
BYRR8 Sovhdr BMIGHIABRE hoddxck the U PRIEface. I ower fluid pressure
agai nst the top surface. Athird expression of an

enbodi ikt exprestiprof anraberigient of theinvegtipp Ko ey gpntrol valve
Y&k yfl %&@dﬁtﬁ e V4164 bisH :y'&ﬁd Hﬁ%s\ﬂﬁlny Bow? 06hroRB&kciki in the second

reS|I|ent fl'ow control described in the second s

exqpm@guoﬁm ehbadiment b invertiogfand frsludipganrngpardiing, an “O”-ring

sea aﬁ&i L %nﬁﬁr ! 'ﬁ{e a%h‘ﬁllé.ll ﬂgn% R an gﬁ ndidr Qe %d’ge and 1RNalve
ar cover e annul ar ting has an annular

lbodl}t is poditbaigé in theghriuke ﬁVtaﬂg\agalmj the tiotopderigei ThedO’i-ring $eel is

SR Bt b D SRR D O Yl S et
ftd the bf@ilar Tithgand ubars 4 @pialtpoeer pcstlcat ctfa]nfhepl surfact hthe ﬂow
annular.fitti.n

d cqvers a al | ter portion of
ngﬁﬁﬁ’ﬂ%ﬁﬂPﬁﬁgﬂﬁgm? W*%ﬁ?%%ﬁ?b éﬁvﬁe exposi ng t he
t hr ougkcRABERER 288l adaBtafdsié @@ivEd fabm one or more of the expressions of

an embodiment of the invention. In one example, having a bypass-flow-channel exit
between radially-inner and radially-outer valve seat portions allows the bottom surface of
the flow control to seat against the radially-outer-valve seat portion under a lower and a
higher fluid pressure which essentially eliminates frictional rubbing of the outer cylindrical

surface of the flow control against the valve body as the flow control bottom surface
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Several benefits and advantages are derived from one
or nore of the expressions of an enbodi nent of the

w0 poesiosn. | n one exanpl e, having a PCT/US2005/035724
bypass-fl ow channel exit between radially-inner and
r adi aI | y-outer valve seat portions allows the bottom
gel%r nde 1n<%rga%1n ?\Q/s&é) H)tsreé)cla ﬁlﬁsﬁfﬁt&dlgﬂ}ahﬁ&t Vatl\n:%eat portlon to

afﬂ VAIVeE Seat pGrti1on un | ower and

b]loglhme bhbass—ﬂowchmkﬂltvm thi sess eranothiet gxa@]plenhqymg@sﬂow control

ctional h I
YVH ap PBWC &H 'sugfa # S gstt%llﬁg O%X‘Ja t'hge{rﬁeg% a{lﬁ%tp?%\%ﬁ&‘fl
Safke aévobrﬁﬂaﬁyrpmtmﬁmeekhfcerrmmuuhwsmg |cmnpleﬂ$y ng
pressure to seat against the radially-inner-valve seat
portion to block the bypass-flow channel exit. In the
ggm/mkyzmpirhgmmwmd}s having a flow control with an
outer_cylindrical surface of sybstantial nst a
di amefighredride §ife PErsPepc YANEn Pt 4t E“H’ “&X%% %‘W’“q“’l valve

B, s@ﬂﬂSlZ%‘f R SnVeBEMGRSudBR b fRHeht ldWdc @O b OXlvE Modwa‘tﬁ\EMr
DRAW NGS Figure 1 is a side perspective cutawa

Bitingrane i generfedls andfan AnYERPR ATET Shetg Kjghen Suidmpisyire pizeinst the
Eog%\l}fefg%%giiﬂe%v&} &ﬁ{rb'lqiag gef@rn'ieﬁsthé b ful W S AR corfirol to block

an annul ar tting, an "O'-ring seal, and
the bamssrlﬂaw Qh@mleb@vfelfthqmbieépﬁ okfhgivalve bpdi d pr essur e

agai nﬁé'é‘% I'ﬁels ?&Eﬁ ch fc(a{awlag @16(&/] ecﬁ)cm E&ltroh@ﬁve assembly of

def or the ace | ow control to
Bignmkl Wh}aoubﬂmasml-lérl fitting; ﬂah‘ﬁ)é’rnng)sﬁaﬂ thé anminlar top|opeersandithe higher

th
gm & 1\1/r3,| v\é%reé? fi ML, Elfllﬁ gressu%e lilg,sal tt{jhlal 3) ﬁg{gcgegﬁb 'ﬁlo%v control has

W-con

E]l@kﬂd&hé.bduohi‘snﬂtcet dfeheaftuwutantrof fotrésumg a stibstanti@ly lmstrgssed state
seal ann ar tgl%écover and the higher fluid
B%‘%’é‘ﬁrﬂ? i° PX| ui d pressure against the top

sur f apguRf3 i h] §1dé Faw)ee@m duGiwah &Rewed fl ety tchﬁrob@ﬁmgn‘e 2;
surface of the f

ow control to.resu u tlal
unst r Bgued 1§ e PERTOLTY AR VIS, ge‘fa? 8395 g?res Do,
gxdt; Figure 3 is a side perspective cutaway view of
the flow control of Figure 2; Figure 4 is a sjde
per spBighieids @ Lﬁpd%ﬁﬁ?ec\ﬂ"%we&f"ftﬂ}?e" 5198y Higdgures L i aé‘@l fes
1 and 2; and Figure 5 is a top perspective view of the
val ve body of Figures 1, 2 and 4. DESCRI PTI ON OF THE
%FMDWW%@EWWT% t he draw ngs,
Fi gur I r Np
| nventrishing gop B B TR0 T i ap cBoBE AR i present
firtve il rﬁeﬁrsﬂ_e)df»rassor[ off thaerhbaslimerd shaval inFaduves la% isdors fow-gontrol

ifﬂ % Udl 4 énc udlng a Va¥ve]body lPfjaﬁfj}i 4 I’%g’liléﬂt ?l%%v c%ht%’y 15078 QAIVC
body 12 has a 10ng1tud1na1 axis 16 and has a valve seat 18. The valve seat 18 includes a
completely-annular radially-inner valve seat portion 20, an at—least-paﬁally—amular
radially-outer valve seat portion 22, and a bypass-flow-channel exit 24 disposed between
the radially-inner and radially-outer valve seat portions 20 and 22. The resilient flow
control 14 is disposed in the valve body 12 and has an upstream top surface 26, a
downstream bottom surface 28, and a through passage 30. The bottom surface 28 seats
against the radially-outer valve seat portion 22 under a lower and a higher fluid pressure

against the top surface 26. The through passage 30 is disposed radially inward of the
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body 12 has a longitudinal axis 16 and has a val ve
seat 18. The val ve seat 18 includes a

wa@wploetosd y- annul ar radi al |l y-i nner val ve seat POF/USIN5/035724
20, an at-least-partially-annular radially-outer valve
seat portion 22, and a bypass-fl ow channel exit 24

radllaVO%&Qr% okd8 a%@t&ﬁz&ﬂ ORGEe AN sfSa%Qd ?ﬂalﬂfro%’ﬁl@r
por

sea i‘ons and The resilient
mdiatly-mneﬂ\falve@sedl wpwé@ uinger tiedover fudd bmesyrelechamg tﬁabyr&ﬁs

BBY ek R4 0 the BiBniina® AUAS A BATBOIAM M W5 ucat

ough passage ace
peass20agaenthe high& fhm’blpra&shgp -bhacking theahypasssisan-clponal |6191h 292

d | £ L.ui Y
Lop dnppadiosgende Pgopr s S LA e R ks - ine

Al icaltioy 14 havambuet cilhatied saldoy 32 oommectingltheetos et bottom surfaces

ortion_20. The bottom surface. 28.is aced rt fro
A Rt pie A oAb rELEar b STICE AL 56 AMBaR e fpscorite
GioWetkr 4l g Erat1ES6 Be BBIASiAGicah@rfayEsidrh e tehsaunfaes 26 to the
exit 24, The bottom surface 28 seat%eagalnt

th
bottormguriics 4 dp adifferent saptiopaiof shownoe QY ﬁ?‘ﬁﬁ&? of the
gJ)\V . OhtR RSSMIBPhGmidND okt JYPFSSs fibWehaRanwath BXdstio the

I'n one enabl enent” of the first expression of the
brpessdilorenhanoe] exitduthe salye spat efifee valvapodynt rol 14 has an

out ery, ?smo'te?qmt Gl 1%1%{3!%}{ dﬁa@ﬁg@’ 20 SAARE Hohd e fdpSuirRie 28®8lihe bottom

bottom surfaces In one variati on, the outer
myﬁmmﬁ&oﬁm¢ﬂswnbmné1$2hMm@C@E§Wﬁ§maﬁﬂwdﬁﬁyxméﬁgmaﬁﬂw

glhﬁq t gnrtggl§ Opeg 1t5r %\é ?ljll‘gu@ da%%k%% &g%ﬂtfé ﬁ%w géﬁt&oﬁ] % is%%stan‘ually

B'Sh the top
sodikfatlg @ligdd whith the Idhgifudineexisvidr ilak iddferenh mnssrmﬂn,, not $hwwn, the

gm epgﬁéééegg%#fgﬁ% harsng[ﬁ{) 8P%1F1gﬁ1a%'$x1 tj tﬁ)e \éag‘g rbefig and En one vanatlon,
Whine bf 4 pl@fb&t;t@ftmbeg@apﬁg& fiow channel exit int he

! odgiPpaeeRlEoRe Bt SR ohihs RO ERSH of P’ 58 s

g ?Qﬁe@ valséigeﬁﬁﬁoen&&ocsimbms fh Qe CIsDM Bmubaténualm cmeauy
cons

ruction of the first exp sion of _th ment
aligurdl giith e lgngitudinglax{sibetnght Eg’ﬁé‘é"eﬁ @%151 I%gl fi?"d ressure,
F‘lﬂf&tﬂows tﬂr%u Iothe Hﬁ’(ﬁ%ﬁ Bﬁés@ée' K3 ) aﬁ@ ﬁifd) e lithefbére BLATHVY ﬂd?edtthz& fluid
XIS

ongi t udi na a different construction,
gichndes hquhﬂg(sucmv@ulgﬁ n@tdglg@ééo,w@tqg} andlor gas. Svek Faid flow is 1ndlcated

Lg ?19 %r%c}w hg]ﬂl Flgﬁ%gf ‘ﬂfls ﬁ(ﬂé‘q t‘ﬁﬁl as@ ?lq%ﬁ f'ﬁﬂ&jrs Eﬂmﬁéﬁo exit the

I's”one of uralffty o rough passages.
bypassaﬁoxeechatmlebexatf%t(maﬁ be gisuadizert o |Fa_mlr602) whgee the bottom surface

Zggf 191% ge?vtcglgtfrtﬂg I4 gﬁargtl ﬁy uﬁtﬂ&ec{ @% E)(l%xlre}e{ﬂgg[ﬂ)%ssu\@l\éﬁ%st the top

Suirrotings” &ninn
sutbst 26 bxmking tledgpasaiflow-dhhimghexdt 24 mﬂcettllméodttomgutfmﬂﬁés not

axis 16, and. under the |o e hi r : .
Sreuitte PR LY-RT GO ERIGUER Dndt % HroBUr acyRls Tl fow is

@fa:deﬁtm Rorh BLitihg B byRs-BoR4dharrie] dxst Mqhmntbh atsuzﬂizeml ffom Figure

1) where the bottom surface 28 has blocked the bypass-flow-channel exit 24 since higher

pressure against the top surface 26 has flexed the bottom surface 28 to seat against the
radially-inner valve-seat portion 20.
In one application of the first expression of the embodiment of Figures 1-5, under

the lower fluid pressure, fluid bypass flow travels from the bypass-flow-channel exit 24 of
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includes liquid (such as, but not limted to, water)
and/ or gas. Such fluid flowis indicated by an arrow

w@sosn4tesgure 1. It is noted that bypass fl ui dpET/082005035724

permtted to exit the bypass-fl ow channel exit 24 (as
can be visualized fromFigure 2) where the bottom

ﬁllé rv%l%; S gggg Qﬁentrgcﬁalw 19Wa1‘3‘?)@€\xre@111 thébottsm Syt a8 bi @k ¥w control

exe | ower pressure agalnst t he tO
$4J arfdaberaﬂellmlp@s valge aehfepomqyé@@f fhegialve eah i &1 and fhep 1129, the inner

n ‘32 ‘]fnho%e %tl&t%ﬁ‘ ﬁﬁ%’ bhisestfcd 5 mﬁe ﬁ@x@tz&ﬂro@ 04 £88g an area

-1 nner val ve-seat pOftIOﬂ . is al so noted
twhiah mwdasthe fomﬁsdﬂbvv@hanml m@éend de rach@ibw@mrtwawe sgafBortion 20

pass-f| ows ( S
B‘%/Sélﬂragmﬁr’ v er e Cmgc)é{"% e suIrﬂ ace Z‘Jgﬁﬁyoln’ oC eéiSl{C gmtom
hyﬁaeﬁorﬁbmms@rsammtlaﬁy(cmwanshapm mhdm wghiationp predefiifoghe artisan.

agai t he to e dt

2ot abems Ay bR G SR G5! cREstort i B! & Figues 15, e
valyBodyaats zpif:ihbﬁ(blﬁhhc Zfﬂv&a bailyo mteo?maha@cai; tha valyé bbd}ngfconﬂl;ts
expreSS| 0 odi nent of. Figures 1- 5 u r.the
pesvtally i asﬂﬁr @?@gn% eales 9 30F SRy PR VAT Loy 6‘?%51“63
W8 §8lvE betyohpbiats vt to@&h@fcfeﬁ% a\/\alV‘éQOSyEHdvmg&he

then radially inward between the boftom surfac 2%)
pweomlbﬂe%@ah?dreﬂvelsaatéﬁ@ ip prs GxaPle) Yhich fagethercLg ags flow

Phd198haR t@fhetpk’éifld{@yycﬁso?ﬁ@d bybss-BéWlchdraa dxfit 0 t he

I nner bore 34. 'In oné variation, the bottom surface 28
of t hla o ewp@ampmmf thefirstupragsionrp decmbppingst offigyerclsS, the

LA6e B 81§§nc,fh!lcf%¥vé ggl?ag%ﬁh %ﬁérﬁle?e%tr%?& 38R pb @ upittedml o BRI top

val ve eat portio as an annu substantially
swficaeobthe flew chmiradidt Ineme varidtion thevalvrobody Ha vireludss e prrface

bott o f acs, t

A i

eﬁtfancmﬂ arniethd bytpaonflof-chdngel kit 24. Iée;qcrroe@sthaimhedfypassélowwhannel
of Figures 1-5 v

R PR DLk BB <Ol gk TPt ph o JpBase 20 orthe

ledoli2ol (AN E Glesn@Bfi@tion, dlel syrfade gpdbeve t40 @ncludes alongltudlnally-

di ff erent %rq)l enent ati on, he val ve

ho
EHERJIREROTHM %0 A1 AT p?ﬁ%‘lfg 38@ gr?é o 1ng\B?rgﬂn Qé/ connecting
1RASH B AInSIN LSt ehdeho\sall ¥enulke gymbﬂs/ztmdmhe In this modification, an

previousl y-descri bed_val ve seat and, e e

wpitieAm sergien REthe dngirdinallyisyisadige PITSRR ¢ Em‘%@ﬁ theééfgqgﬁ 3%
ChEma ﬁfﬂuﬁ‘é 3k Vi @RCmh RS bRy RAG ST EhQwh EhigRRed ove dhannel leRit 24.
one enploynent of the first expression of the

anthisanodification, tie lgngiaginallgextending norijen 43de fisnased rdially agtward of
if
E}Yo?&g%%géfr l;llé rﬁﬂggﬂﬁiall? ke Hﬁ%%ﬁg?%%{g gﬁggseﬂ RSthe %59119 outer
valm: saat putiorn 2k G)tabmeocbﬁ@youszmphding dieenea Qfemlﬁla@ethg pyrgsseflow
| bypass-fl o I
b etk b A R S RE Aoy Atnd Aotk Eonft L gty o the
iamaass f | ow channel exit 24. It is not ed that the

by paSISn gnle %%gglg?n%pltegf the first expression of the embodiment of Figures 1-5, the

(

flow-control valve assembly 10 also includes an “O”-ring seal 48 and an annular fitting 50
having an annular bottom ledge 52. In this arrangement, the valve body 12 is disposed in

the annular fitting 50 against the bottom ledge 52 without blocking the inner bore 34 of the
radially-inner valve seat portion 20 of the valve seat 18 of the valve body 12, and the “O”-
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allows fluid to flow past the flow control 14 while
bypassi ng the through passage 30 of the flow contro

wdazeocsrosme nodi fication, the surface groove 4PCT/US2005/035724

i ncludes a | ongitudi nall yextending portion 42, an
annul ar portion 44, and a radially-extending portion
40, & L {46t | fne DAHuLG AL RNNYbAY
n%ﬁeolgﬁﬁg‘s;gfé %Q%IB&IQ% {’zﬂ% ﬁbﬁ%ézfaﬁ%at I on, an upstream
seiation nhedtow-hmtﬂObv@vd agehinay l@/aleodnelﬁélfrsr@g aB@}’h!rl teghcayer 54

%ﬁﬁhﬁ S }}el?le rof?rﬁlig %dé’ :ﬁﬁcg %ﬁﬁl&éﬁ;ﬁ% gvﬁvl_og%gﬁlﬁtetgﬁsurface 26

efthé fléM coﬂm)l ﬂhwhllasre)dloﬁlng ﬂtenlum,lghtmgsage 30 of the flow control 14.

| ongi t udi n I extendi n rt| 42
200 A BoRTeRleRoh STk AP PERER Fikfres 154 IR fiscontot vatve
sReth@s hy e kidarpdi atvepody | Dhavig d typaisshosannngl exih@4 and including

radla I -outer, val.ve sea

prisgilient ol ]i4rf{3?pl96‘?dr}@§[1ﬁ Vﬁb cgy égr"lil\egﬁ W gonfrpl 14 includes an
RysRess dp! sﬁﬁad’érﬂ%ni] %w&&eﬁﬁﬁ@ﬁbﬁﬁs@&c@&} an sageaydiyidiioal surface 32
surface groove I1n the flow control e left t

BTE a8 1 0p RPN se o6 61 2% Fel ¢ reuGh Bassfscdd) The ffter

Eﬁﬁdﬁ&{@ %a@@ @i h&¥fa Sb@MiRRy Jmlgtanttdqﬁnégté&%ﬁ@ﬁi\fem alongltvCouter
assenbl y al so includes an "O'-ring seal 48 and an

eyiimdtical swrfap@ PhEomchaiap iswécaro ihe petionhiiragsid: cthgdotom
%LﬁfaEQQSSls %E&(ﬁ(? Qfaeﬂﬁfﬁﬁomltsﬁﬁ YR ¥RtoRPIYade s i sﬂb%ﬁﬁﬁ&k‘ the

e annul ar g agal nst the bottom | edge
iy tabseiiew-ohapokli mg 24 medqrmﬂn@helbfbné prRasugs ageipst the top surface 26 and to
radl i nn |
SEPOST lheﬁ assy (\)/V\e/ cgéméﬁgl e?@% rh 1&9@1@% cﬂlgrﬁ%snlgegéh%glwlstgﬁgmface
dé.sposed bet ween the val ve body 12 and the annul ar
fitti n riati
asseﬁgg?efﬁﬁ%?glo?ﬂ% é@mgﬁmgﬁﬁﬁ %ﬁﬁ C&B&ﬁ&&hog%&&%816’ﬂw
airéih @@ﬁage@()tlh e caﬁhlauihm’ugﬁ pissigeg IlﬁﬁhealadamNﬁle ibntjora surface 28

ally-o ter ort| n of the_t sur f 6 ,of the
B mn i bk siepset 6 YR kSRS 4Bk s one
@hvelWBorlg! tANArmARE Elcavkdur fAoeSREDAG 6 EroRT S ﬁir&[ghqfassfag’ei%o radially
enbodi ment of Figures, 1-5 is for a flqﬁ%cqntrol val ve

qutserdpyarddhy %‘fr&éﬂllﬁ’g‘cél syEper e 2p Gtignermodiiisptiny the bottom surface

bY BRfRed O ERANARE s§¥dct pfioRSTcdnsdiing kHeGnAulhesohtdve Birface
flow control 14 disposed in the valve body 12. The

poian &t thoputarylindicabwsfaegd2upst ream t op surface 26, a
downsj i oA x?féts&&m)ﬁﬂé LAGRIAST o?ﬂgﬁi‘é& €15 €30k b Rl ool valve

surface 32 connecti ng t e top and bottom surfaces 26
assdmw& 10 dmvdnding shvadegiodp 43 baes BeypassHitovochaapel exit 24, including a

6‘3}/ é olv&p é%lntr%fjfﬁff @gp%sé?q%n %%aﬁle%gﬁz f%%a‘hﬂiﬂ%ﬁn glglﬁstﬁﬁﬂmg 50,

er as one travels al
wiﬁdargen’o“@”irrngmal A8, and mcmdmfgamenmﬁarttqa tdver b‘bt’ﬂarﬂow control 14

3}%1}@?%% 1%)% ea-ﬁl;ﬂté)p Bw{faicg 26,2 Y o]fwglg eea%é)oltté d eVfgce 8 qtélr ckhndncal
bieach 3P asimedting Whectop BitEbote durf2eks D6 aied 28 aiiki @i‘hﬁb’ugﬁ Iperisake 30.
%hg (S)’Etgrrc?fh r?c:lalr]gltl’fact':ehf 2 ﬁaglg su %’Ea];lfala ﬁ/ constanr‘g giatm%ter as one travels along
the outer cylindrical surface 32 from the top surface 26 to the bottom surface 28. The
bottom surface 28 is devoid of any protrusion. The bottom surface 28 is shaped to block
the bypass-flow-channel exit 24 under a higher fluid pressure against the top surface 26 and

to expose the bypass-flow-channel exit 24 under a lower fluid pressure against the top

6
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20
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expose the bypass-flow channel exit 24 under a | ower
fluid pressure against the top surface 26. In one
weoeonwbiogosat i on of the second expressi on of thePCT/US2005/035724
enbodi nent of Figures 1-5, the through passage 30 is a
central through passage. In one variation, the bottom

%Létg%ﬁ?l‘ﬁi r”}[%@ al rh‘f%gﬂ%ﬁhaé‘%‘i‘%ﬁfar G PNEeSsd, fcutﬁpﬁe 9{&% b&WY 12 is

exten ther downstream as one travels )
dsiioged i ¢heaannuibiafittiog HE againstihe beitoen lsdga 120 MTIBE O rrophseH &8 is

S BRI ) SEh By SR s

hotham tehindte g Sicdnd degeranradiailyoater pirtioraef thertop segace 26 of

ortion 5 onnecti ng the annul ar concaye rf
Bo T G 1F ST easnne oy T LR st L0t e fgYghted] 14
t hi r dn S¥PERESIRAorOST thdWire BlsekisivaIof the tmbbdjmeatsof Figurdssi -5, the
for a flowcontrol valve assenb 10 L&clqgiggia va%ve28
ihenygh passagg PP A SEnBYlIauLH PAsHReEn VA0, 19g Dottom surtace
nBiGHA G REmAarBiRdalé Sitfact b&Yior S6Nvhioh ediéndd ifsiRs @elvihshredrh @s one
val ve body 12, including an annular fjttin

) 50, .
wavslsudiing ghecamnuley conpayg WP PRRION 34 fromyhy %‘?L\_%B pajfage 30 radially
AR w A Phe TR by 1R Arical BErfick O GiiHe infYldifiedtiod) eleld@Emabrface
upstreamtop surface 26, a downstream bottom surface
2BincladesaneamulanplangusurBed Pastien Weennpias e a8l §ongae fyfice
an f aGes: 8, and a through passage
@%&O é%g%%gggggﬁﬁﬁﬁgﬁ%g?ggéiface 32 has a _
substSemtiakbienyfits embidymitagis areatedveddsonp pee qrmeare pEthe pxgssions of

the outer cylindri.cal surfa 1 _
RS bt AR, 1853 T R e
Bewedndadifillyainyerpino tadimiyanter Thlee ot partiors atlbws the BBttdrg surface of

haped to bl ock the ss-fl ow channel exi 4
ShePgantto o et sspS  BARD oGl Ve e St gt YR8EIg »
high&RABRedshe Whidassentibiovelindianadtictonhl ruBking ofibe oater cylindrical
| ower fluid pressure agai nst ﬁtlfre to urfa%e 2% Thef
s a6 119% PoRoL BESE T AR RO TEOIT brT S B sty
BOEmYAY& ﬂ?&‘@%\éiné%rés%r@ R5dehtl 2 NASH the Yaditigy-MABVaRve seattpiobtiog) to
50 agai nst the ottonlledag 52. The "O'-rlﬁghseal

e

48
bl.g:)ck : hyregs-Bevwhamel ¢xd i éarg%ggyan?télera%mp A g control
ith bh Glgtexls rina_ﬁb%l ARkl & subQhtialY Snstatk disnc¥riadg hed athdttom

the annul fitting 50 and covers a radially-outer
poface devousfoftahe progpsiensteduses MEuFCEig compiiXibnt r ol 14

whi | i : r f . -
ot D SRR Uk 25388 e bt e crin
hagtreers piesented ffortfugposesod dilustrationo fit iFhefunterded iGbe ¢xhaustive or to

hr. h SS 30 is.a ce I r ]
e g e R e L
aaiibay are phrsidledn Siglitfod de apovd teawhing6 Ihihintndekthatrtbsscope of the
further do ream.as one travel s along the annul ar
HHW@EP@egE$%§é@ﬂﬁﬁﬁ?Fﬁﬁp%%h? Khe through passage 30
radially




outward toward the outer cylindrical surface 32. In
one nodification, the bottom surface 28 includes an
wa@ewalo#rspl anar surface portion 58 connecti ng PEEUS2005/035724
annul ar concave surface portion 58 to the outer
cylindrical surface 32. Several benefits and
@ YaRL ages are derived fromone or nore of the
Xpressi ons of an enbodi nent of the invention. In one
exanpl e, having a bypass rom#channeI exit between
L gé@§)¥ tqg V_ean% 3, uter val ve seat portions
OR&° CARE fac the flow control to seat
ag ai nytafahe bbayalhaajnigya Ionglemmhdmrd daving e vilveseatinduding a
r and hi r.fluid press re whi h es | J.
oty diinar e e BrR Rt R Gk EPATGH Ry gpnate
ﬁHfafl?—G@teWahtel'L@atfﬂoﬁWnpﬁﬂtlﬁMdlﬂQﬂbyjﬁﬁs-ﬂMCthlexh ditposad
the flow control baott surface deforns un(F
bqﬁww&&q wgiafy-swsiand s Wbe%l{tefé@lgﬁ e PeTfigns; an
radi gyl yrekiRBR FroWaon@ol Hespbscl @ the QHlvE Bodyl add hatihigan upstream top
bypass-fl ow channel exit. In the sanme or anothe

mﬂa@ow;a%tvamdvoﬁowswceow @ daroyghy nassage, gyhewsn the & bottom surface

C? %{fi %%l T éi&'ﬁ}f BEE: fve SR pbRBA LiAdel ¥ l(ﬁ;@ﬁ‘ ahda hlgﬂériﬂﬁﬁi Essure
ott’om surface devoid of any protrusions

amut:@s tapesmficec whetbinghectbroplenassage lﬂdﬁwwqﬁrré@éﬂwgward of the

aﬁlsaﬁ Rt OOl f}%\ltgc{n%h%ﬁrtmttgﬂssuﬁ’gcqu sfabRofheRm ne

t 7nven |on A eén presented for purposes of

tadiallginrat vajvn sehttportsonnitier the lowdeduid orebwrmmaﬂgg the bypass-flow

to I|m t I

R b e e T R e S

paEcH tder the highg:hﬁuld) pretdues Hoddire th@bmalasm@ow -thanhel exit.

I ntended that the scope of the invention be defined by

the clai ns appended hereto. CLAIMS 1. A flowcontro

’Z a'TH@ﬂ&ﬁ-‘é@ﬁﬁUl Val@@m&hﬁlif Rclaid) 1, avhein/the ﬁody:ohlml ihagarsouter

i_.tudinal axis, and havi a val yve seg i nc
ezd rigal swrfaca FoTieCHng OB PRY DG fces AR é”é’ﬁfel tg‘P P?tg‘h

Eflae] BEHRB hat a duB@ddttalAtddsah diaraaéuds @dhe fra@lsadlmg-twamr
val ve seat portion, and including a

bylindsieal suréaee Emrthe fopswifce dp s S BBfaGRen t he

radi ally-inner and radially-outer valve seat portions;
and b) a resilient flow control disposed in the valve
Bodye Hont-chratudl malveasserpsly oéelpint byvhsteif the droughduiss eldhmilow
bott &ﬁ@% rein the

e oﬁfﬁ%# % aﬁ Hﬁa%g%gg?ﬂpﬁq ra @gﬁﬁegouter val ve
seat portlon under a lower and a higher fluid pressure

I%g q"b? ﬁ{%égﬁnqﬁ ggllvg %{s&% of Wh $ \{Hg&hr?thé ?Jﬁ#%hnﬁe@%ﬁl@g Seat

Yot simfahdarihna MQre\M]’mtz&mmll}t dvexibldy sipmed with dedongitudinal axis,

?11F1Jda \(?:Vﬁ(g‘ﬂ%? lgmrdter the ?ower and the higher fluid pressure, fluid flows through the through

passage and into the inner bore.

5. The flow-control valve assembly of claim 4, wherein under the lower fluid pressure,
fluid bypass flow travels from the bypass-flow-channel exit of the valve seat, then radially
inward between the bottom surface of the flow control and the radially-inner valve seat:

portion of the valve seat, and then into the inner bore.
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radi al l y-i nner val ve seat portion under the | ower

fluid pressure exposing the bypass-flow channel exit,
wa@paewkmesei N t he bottom surface seats agai nst PBEEUS2005/035724

radi al l y-i nner val ve seat portion under the higher

fluid pressure bl ocking the bypass-fl ow channel exit.

2. The flowcontrol valve assenbly of claim1l1, wherein

the flow control has an outer cylindrical surface
6. OTimefttv-pentioheal vagsseamtdy bbdlaion, sibereiicthe botiprsupfaes o the flow
th t.er cvlin _
icifa BT sk Plieh §RhugBt BOBePAy B sORRARRL Bl ity i
Calvd daakrpogtivn h'aauaﬁ amelaf,rsobstantiglyt wpcayashapce to the bottom
surface. 3. The flowcontrol valve assenbly of claim
1, wherein the through passage of the flow control is
3 UDEd Bt-b@itlo) valaaskahbly ofdlaign svhedeirhthe havé loudyiis amonalithic
axis. 4. The flowcontrol valve assenbly of claim 3,

& RadK: ¢ he radi al l'y-inner valve seat portion
surrounds an inner bore substantially coaxially

aligned with the |on tudlnal ,%ndlwhereln (%nd%

8 hEhq BeverFoniol V%lﬁ%asmlg B P SR T "%F@gls p Xalvg pogy dnglydssa bypass-
hg'\RlQ:rlQ{ﬁelt Gt RIMERARBSFAAS T ARdop firficd HRhé NEW Codl.€.

5. The flowcontrol valve assenbly of claim4, wherein
under the lower fluid pressure, fluid bypass flow

5 r ?t{eeh%fcgm 46 {&Yy Hlﬁ’lﬁf £ RARRE thE¥hive Bidyti@udeah ¥@iface

en radia rd between the bottom surface
grfoovelf@ﬁﬁﬂn&gw bo@mffkow-canmeﬂ predl fluidly gpimpctingbe bpapsyoveghgnnel
ocrtlon f ¢ v, and then into the inner
o Tp%fnd ]”E %ﬁ?@%g§ ﬁgvalve assenbly of claimb5,
wherein the botton1surface of the flow control facing

re cl udes .t h
iﬂ d’?]fer@ow 8‘6‘} veI aﬁ% S’bl a ci}ael%gfélgv?lelfe n p" &Hﬁg@ ?oo@exﬂléludes a
ﬂﬁ@iﬂlﬁﬁ{aﬂyé‘eﬂféﬁdlﬁg 1bd>rab1|1,)an tamnﬂ:ai\pemh,aamd a erlall]Sh@(tendmg portion

o T Pt R S B B R i s
bF @ gﬁﬁdiﬁullyléﬁ{eﬁ&ngiﬁ@ﬁfﬁ) Hafine§ the bpass-Towvdhedrel entiahke, wherein
val ve i ncl.udes ijS£|OMF chann g%mgpﬁran

e podPotisgt e Bah B DYPRS oBpohednel 550 qugifpidinally-
%ﬂ@ﬁcﬁ@ portfon Jﬁﬁp(;sks@ Vit BﬁtQJard/@ tNEFIGG SQTHRN, Mn@ fvhede i the

8, wherein the valve body includes a surface groove
erstiaillyiientgnding ppraiewn isfdispasediva v sadiadbicpufar plye seak BRTHRRt | ng
t he bypass-fl ow channel entrance and the
bypass-fl ow channel exit. 10. The flow control valve
ai; s@lndaﬂlwoéntmﬂ wilne Gsenly pslaint Wealsuintluding gn 66V eing seal and
udes a t [ or.

ﬁ,hifrgran 68?l{larr}%hng:hga8{}% an%gﬁff%r%@fy)erﬁ geeﬁ I\%ﬂé:%‘n thd r\‘/alve body is

disposed in the annular fitting against the bottom ledge without blocklng the inner bore of

the radially-inner valve seat portion of the valve seat of the valve body, and wherein the

“O”-ring seal is disposed between the valve body and the annular fitting.

12. The flow-control valve assembly of claim 11, also including an annular top cover
attached to the annular fitting and covering a radially-outer portion of the top surface of the

flow control while exposing the through passage of the flow control.



connecting the |ongitudinally-extending and annul ar
portions, wherein an upstream section of the

wo o0vgiostesh nal | y- ext endi ng portion defines the PCT/US2005/035724
bypass-fl ow channel entrance, wherein the annul ar
portion defines the bypass-fl ow channel exit, wherein
tthe,l i X4 gdn[rd&glrtion i s di sposed
rlgdfA y&%n%v\%(f%s bﬁ% ow gont rol, and wherein the
r adi ab)l yvaxe wmaglnpefowa@hﬂp‘s Ch@@}gb@@dandn t he
radi a
f1 owe {8)0 2 {esﬁ{eg{ fl %@gonzrgg(g %olscp&) E#ﬁeo\{livelo%i%;—&glflglgdmg an upstream top
istr€dcelch dogvmmeahﬂiotton’rrglrﬁs&ahn ariel oyhndrigdl sugfamoamtiha&le top and

itting.havin nul ar er.ei
it St Py udlBtrile YRuSE R P St BG skitiy
tsﬁt%tahﬁ&ltywaihi;taﬁ@&mﬂtdr hooite tbalvele kiong thic lvatei mﬁﬁlﬂnm Bm?cfemé from the
the radially-inner valv orti

A t 5 Ep P Sty Vheatin eByE o ' 4 S Cpgrusion

lafid h&PRIRSbJNSIVRERcd b Shayed o d1deRehe 1Bpsksifios -eHand] akit under a
fitting. 12. The flow control valve assenbly of clai

pigherflud piepirq RERgt thntorshiacs And 9FxRess die bé(Pi‘%i dlogtchegnel exit
hﬂ&ran&wr%ﬁ;srggshﬂaggaﬂgt&qyﬁaﬂaee a radially-outer
portion of the top surface of the flow control while
exposi ng the through passage of the flow control.13. A

flLl o?ﬁiﬂ%-&;%ﬁo\f 3hive a&ér?@g%k Mﬁﬁpf‘? Whélleﬁlgthe ko d@g%@és&& is a central

bod avi ng a bypass annél exit;

tiggughipessiagd.| ow control di sposed in the vaI ve body and

i ncl udi ng an upstreamtop surface, a downstream bottom
surface, an outer cylindrical surface connecting the

t16p Thnfloecbtiorivalue haeebly oﬁciaiirra14 thghh@wwgwface includes an

rein the o a
SR hredt P bbb PP S5 H GRuTParfag e gy tone e
tahiil @ ebedave wrianelpirtian fromtheat@ubll pasdoh eadiadly cmt»vératwvatd)the
t he bot face wherein the bottom surface is
QBB R ]Fr% PRFa5-0t r usi on, and wherein the bottom
surface is shaped to bl ock t he bypass-fl ow channel
exit under a hlgher fluid pressure against the to

dr TheBowkantta) velvp asembly of ¢gignks Worisin: e st Suéﬁapft includes an

%%% p@anhpéu%ce‘ potlich REESAHE Bie 38RNNAIbndabe s fAbe ?&ﬁ(ﬁ@&%e outer
flowcontrol valve assenbly of claim

\m]@#dﬁpﬂstlﬁ@ethrough passage is a central through
passage. 15. The flow control valve assenbly of claim
14, wherein the bottom surface includes an annul ar
ddnAaloav- mh@vmsmlﬁmcmrishﬂgext ends further

B L e e W Sy

out wab)a kesiliznfldw eordiot dispossd mlnlcbrvad:salbodju arfdaiaending an upstream top
surface, a downstream bottom surface, an outer cylindrical surface connecting the top and
bottom surfaces, and a through passage, wherein the outer cylindrical surface has a
substantially constant diameter as one travels along the outer cylindrical surface from the
top surface to the bottom surface, wherein the bottom surface is devoid of any protrusion,
and wherein the bottom surface is shaped to block the bypass-flow-channel exit under a

higher fluid pressure against the top surface and to expose the bypass-flow-channel exit

under a lower fluid pressure against the top surface;
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16. The flowcontrol valve assenbly of claim 15,
wherein the bottom surface includes an annul ar pl anar
W@ ob@ae®sporti on connecting the annul ar concavRCHURI0A®E35724
portion to the outer cylindrical surface. 17. A
fl owcontrol valve assenbly conprising: a) a valve

body i ol ot ; iRhe §8live b&is

{1 ow b oy JRRERY o] il VO m R witlel Rk BR bag
disposaisih tlecanmulepfittiog fgainst tha beltswnletdgeam bot t om sur f ace,

an outer .cylindri.cal s ' .
pot ¢ ey iAo S prREe O DARE U olt AR Antaftiting and
out ere) eilainmdar toptovetiaifasiod ththe aamdarfgtizgwridabyeringenadialhytouter
di anet er as one travels al ong.t.he outer i '

e iaias PR R of B TobPEY e PR BB iR or e
etsitel.t he bottom surface i s devoid of any

protrusion, and wherein the bottom surface is shaped

to bl ock the bypass-fl ow channel exit under a higher

fd. Uil FRMWESSHMbEY AeHsRRibl P18 N 7 SWhdréif theahuflop854ge & central
t he bypass-fl ow channel exit under a lower fluid

raughk prssagggai nst the top surface;c) an annular fitting
havi ng an annul ar bottom | edge, wherein the val ve body

Is disposed in the annular fitting agai nst the bottom

1% die: flog)-cemtrol @iverdssegbheeficladin d 8 gxkatelp dhe Rogpmspdacg dpcligdes an
b lidit dx | along the
0ty SO BB e B AL g
arad]aa bdngaeunefaceortiandronothe thyeughppessege fadiely eftwatddofagkhe
qgntrgldwh%£§ %;posing the through passage of the flow

QBFR Y BRI T | ow  cont rol val ve assenbly of claim

17, wherein the through passage is a central through

. 19. The f| | val ve . 19
5 i Ersroro R bt famd? wieR IR Rk e an

SN GRAYRnGafaeofidhiconitctify thharmxlae oateafelutfagrportion to the outer

downstream as one travel s along the annul ar concave
SH&HCEi on fromthe through passage radially

outward toward the outer cylindrical surface. 20. The

fl owcontrol valve assenbly of claim 19, wherein the

bottom surface includes an annul ar planar surface

portion connecting the annul ar concave surface portion

to the outer cylindrical surface.
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