FLQN CO\ITRO_ VALVE- Thi s inventi.on pertains to val ves which contfg p fh%%gB

bet vvee?n outside and inside a tubular nenber. Mre specifically, this, L
“invention pertains to a valve of the toncentric gas lift or cheni cal N
injection type, which may-be Included. in a well tubing in a well produc S/Aq/
by gas 1ift rrethods to control flow of well annul us pressurlsed lift gags
-9t @ the tubing, or the valve may al so_pe included in a well tubing to
control flow of liquid chemcals fromtThe well annul'us "injected" into the
t ubing to inhibit tubing corrosiF3AN CONFROL ¥NAE¥Raffin, or the like. The
~control valve O'i'lr:]is“ﬁwbﬂtfaﬁ'&}tﬁiﬁstt@ v%a%sgﬁmférﬁlcohufai'ﬂ n a gas

lifted well as.the gas %ﬂ U S. Patents 2,642, 889, -
2,875, 775 heiweeen pukside ard insige a. 355133‘62@% oME®al i zo. The
af orlerrentleioedmﬁéauj, thﬁkvmem;ioﬁwﬁmhya@& wallvesofi tHe val ve seﬁl s of

‘resilient materi Resi eal s, us |nJ ect on val ves
are subj ec8€ F é)ig] \Fge%ﬁaﬁafgngEm%e ‘;g ¥ 8B une
thr ough thaneluded/en aveell heutsingl inna nexdde producest) byt gas ekifiti ent seal s
fromerosi f n #&Q I are
greater, qlgtgamatg(??rf’asea cat}gg Sﬂ%ﬂe%a 1&8 g“%?%%%?‘% e% fl ow
‘eontrol valipte the tubisngd %cﬂ@exﬂﬂ-ﬁg mﬂﬂ gﬂé@ be dnelpded in & m8dlal s across
the val vesmsﬂag%&m&easmbfei r&@mieﬂé ol €Ré wadllve seal s which -

- cause seal failuregs, I’IIE on o expensi ve repair procedures.
Frequent aff§® Pi atxnge ﬁ?&gsjrw §h ’ég’ﬁ:l % %é?"érpgg |
resulting ﬁﬁ.esolmqﬂra&finl.\or thpehihgs a!hé cbmalgsraiireoof:mmsl butes to
early fai I t CAFIJES @&Q T o]

i ncor poraté %y&rd; ehrg%nggé | égégéa%%a v%geir?nera ?SE iiftﬁ ?%e

~control vakhe gas tHi€tpvalves shewanin dheS. ﬁaaem |2.|§Aadm. cihagﬁsﬂ%
utilising anaemzzj ml tatmmmgaraﬁaloz, lg8q, ujluo wehamm&. pr@el ded with
vari abl e an age w resl‘# ct ois upstream ownst ream of, Elhe val ve
to protect 31‘%9? t 998, AFts vatves, Are: é&?\’g’%ﬁ’?ﬁﬂ YRLVes ¥ithi onal
life. Nonevalvefaaws of pesililent§ materidlaw or teach the use of the

' Resilient seals used in gas lift and 1n3ect10n valves are
subjected to damaging erosive and abrasive flow. aAs flow
volume through- these valves over the seal increases, damage to

' res11:.ent seals from erosion: and abrasion and forces tending to
‘wash the seal away are greater, and damaged seals cause leakage
after valve.closure. When flow control valves are closed and
sealing, higher pressure differentials across the valves induce
compressive stresses into the resilient valve seals which cause
‘seal failures, leakage and initiation of expens:.ve repair '
procedures. Frequent and repeated stressing and flexure of
. resilient materials resulting from repeated valve openmgs and

- U.S. Patent 4 134,454 to Donald Fe Taylor, herein _
' incorporated by reference, discloses a valve generally smzlar _

. to the control valve of the present inventxon, in a well
product:.on system utilising a centrifugal pump to produce the
well, which is provided with variable and staged flow '

restrictors upstream and downstream of the valve to protect the
resilient valve seal and greatly extend its operational life.
None of the prior patents found show or teach the use of the
valve of the Taylor patent in gas lift or chemical injection

clos1ngs also contributes to early failure. =~ _ - —
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val ve: of the TayI or. patent in 'gas lift or chem-.cal inj ecti on -2- well
systems. The present. i nvention provides a val ve. whi: ‘ch is useful- in‘wells.

ulus or region outside a well tubing to inside the tubing. The
t valve includes all the featuwgs of the valve of U S. Patent

operating pistThe. pésersn rinvent igre pxovides i s tval ve swiniein tisdusefwl timbul ar

- mandrel il Ol ip3od W%ﬁgaéoliﬂ? R né"”l‘lgﬁﬁm’ﬁ: ﬁg&b% oGP ades are

provi ded 10 expose es Tnsi'dé t val

oper at i nglisiuidoghem 3@‘ dnso theg tybdngustring:f er cane weddweseduiging de and

. py&edyced by gas.lift, in wells requiring |nject|on of..li.qui d chem:cal s into:
bi ng string, or ‘any well requiring fluids'to ‘be caused to flow from

34,454 to Taylor, and in addition there are provided flow passages to "
Y%ﬁp E8P2- out side the control valve with pressure responsive

pposing; side of the

i nsi de p{j@?ﬁ‘&seﬁo'ﬁewaffga £15% Qﬁéﬁa&d Wlﬁ%%\r é@l@ﬁtéﬁ%assure in
i ncrease ressur i i nsi de pressur e

oper at i ng"?}r 1ﬂ%v"é?§;5‘§ gﬁf té‘hﬁ PE@S? d@é’?’@ g%gf‘ﬁ’@sbonpressed
spring haxi rwet Beam&eseonptw&aﬂvesoﬂ UISlePa&éNE 4338484 &xi al ly down and

P o pas BB, bbe deDalof Yot BEP tibyiled b WBdhdth 3d'c 100"
restrict cnmnicate eressure untsidenthercintxod valve any:hV\présq;majuct
therein. 839¢ Spdrati gg d?ls' d?he ﬁﬁ‘iﬁh@%ﬂéég ”bi@éo:?r fgSSure

across the perat| ng pi st | ci ent

e conpress spring noves the

~ val ve, ofRQui goﬁl%tféﬁuﬂ‘ﬂﬁd!@dre&nﬂh%%riﬂ Fﬁgn?ﬁ%ﬁ%@?ovﬂ‘@se the . . .
val ve, shaiid Icaﬂmofnicédioﬂ p&éssbés‘ e&enprdﬁdedsealﬁq&s@prbesw or spring

comr oS SRR LA FSAOSS Bl SERERARS e SEOURS, lenBing Sudlony 1 OVS
very nearthelrefoaere e pressuse gHiffevendy lmthreeamhtside and ins:.de
pressures is sensed by the operating piston. As outside
pressure in increased to a pressure sufficiently above inside
pressure and the operating piston. develops sufficient down
force to overcome the compressed spring holding the valve up
and closed, the valve is moved axially down and opened to admit
flow of lift gas or liquid chemical from outside through flow
passages in_ tke contro_l valve wall and a series of variable
flow restrictors td inside the tubular mandrel and into any
well product therein, - : "
As pressure increases ins:.de. reducing differential
pressure across the operating piston sufficiently, the .
compressed spring moves the valve, operating piston mandrel, :
and operating piston up to close the valve, shutting off flow.

As different rate springs may be used or spring compression may - LT

be changed by addition or removal of washers or various.
thicknesses, oonti:ol_ valve opening closing pressures may be
adjusted to very near the same ‘pressure separated by only seal
friction pressure requirements. The valve is balanced in the
closed position by an additional seal on the valve closure
member equal in sealing area. to that of the valve closure seal
and therefore is not urged to open by increasing pressures
exterior or interior of the valve. The balancing seal limits
pressure differential on seat forces from inducing high o




-_frlctlon pressure requirenents. The.valve .is balanced in the closed - /"
- positign by an additional seal on. the valve closure nenber equal in seal ﬁés -
area to that of the valve closure seal and therefore.is not. urged t.0 ope

" by increasing préssures exterior or interior of the valve. The bal anci-ng .'
‘'seal limts pressure differential on seat forces from.i nducing hi'gh - 3-
conpressive stresses into the reS|I|enL3£Iosures seal when the control

vatve is closed, further extendi ng he usef.u e af the sur seal It
SRould e IBEEBBITE FUEBHEE O th ALl uDE o5 Srem Srh
'_part i cul ar | gontreluvalve iist eloséd, rfgrgherle:fﬁendmgzlttlﬁe asdfubuleebefutl lised

in side po I degty a e
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an i npr ovecembdydng othicoinventiony is| partimvl usefull dp ietgmistingsi de a

tubul ar merdagy Mté@w.lqstaﬁatémnhabeneamrseﬂnoﬂaacboekeé héys gnhvention is -

0 pr ossur OUISHAR, BHo St hEE PAGEELACHIIRR PAY! BB P SOPBBINIS: ot

O pressur r e [ er

obj ect of- tWdll cabERY |gm-m§sto provi de an i nproved flow control valve with

a flow passage é{qrﬂ%]oﬁr}g Cgﬁ#]g&fle#tg ou{5| deBtf"‘giré/ﬁalg}/‘tebM%‘%%‘(ﬁJc}e pressure

‘Lesponsi ve .oper e an

- i nproved fIvalzveoﬁorcconmuim tﬂioorpémgveiddanhwmgeguensmmﬁeaa t he '

~sane. An -aqgdisihap regf, Phsidd b”i!%ﬁla&”mhﬁbé? provide an inproved flow’
b

~control valve W|th vari a pen- c ose pressures. Another-object . is to
provide an i rrpré&)e‘!bIW@oﬁh#%liW&PFPW&% toaPravide an,imprquedl £V ctors

which prot eont26l eHRA Mtﬂ%ﬁﬂﬂih@ hédrs YespbAsiwsito ppéssate/e seal . A
Lurther oakﬁﬁ% S to r |de aqaggg ved, fugg control valve which is oo
al anced eren PRRYBESSng exterior pressure.
Another cbject of this invention is to provide an improved
. flow ‘control valve with a flow passage for communicating fluid
outside the valve with the pressure responsive operating means.
An additional object of is to provide an improved flow
.control valve with opening and closing pressures near the same.
' An additional object of this invention is to provide an
improved flow control valve with variable open-close pressures.
: Another cbject is to pncv1de an improved flow control ]
_.'valve with variable stage flow restrictors which protect and
' greatly extend the life of the resilient valve seal.

_ - A further object is to provide an improved flow control :
“valve which is balanced when closed and not urged to open by' - e e
increasing exterior pressure. - 7

An additional object of this invention is to provide an _ o |
improved flow control valve with an isolated flow passage o ;“___;_;;
.operating and injecting fluid. - . _ ' '

Reference is made to the drawungs, in which- : _

| - Figure 1 is a schematic drawing of a well ccmpleted for
'_5" o -igas 1ift prcducticn or chemical injection, utilising control
o valves of the present invention; ' '
_ ' Figures '2A and 2B comprise an elevational view, half
rsectioned, of the control valve oE ‘the present invention shown
in the “on-seat® or closed pcsition-
?igures 3A and 3B ccmprise an elevational view, half
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M addi ti onal object of this invention is to provide an inproved. flow

rol valve with an isol ated fl ow passage operating and injecting fluid.
rence is made to the drawings, in which: Figure 1 is a schematic
wing of a well conpleted for gas lift productlon or chemical injection,

'ut|I|5|ng control valves of the present jnvention; Figures 2A and 2B

_conprlse an

- 3B conprise

‘invention vEFY

- Cross- sectlonal
fragmentary seglarged view of the val ve area of the control valve,

restrictor flaﬁges decreasing in dianeter and restrictor ports _increasing

in di anePer

_ el evational view, half sectlﬁned of the control val ve of theAdr
present i nveeattionehowE itfhd here 'bentsmexott@imhté [ies itheO Mo fE-gede™s &A and

nal” view, half. -4- sectioned, of the present
#ngﬁ%d& *of f-seat™  or open position; Figure 4is a-

Pigwrenf4 Hsya exodé~sectiomldviewSof Figurds g2a cok. Line

as tRigure & dsagefraamentary epdarged eisw iafhttheavadvecarea

“Figure 6 ISotthhéa&snut@w mda,g%hawﬁg Qtésﬁ&'ﬂchof%léﬂ:é‘é@rde&easih@nﬂes

i ncreasi ng
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n _di aneter. restrictor orts ecreaSLng di anet er_as they
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Cross-secti ameoép&@rﬁmthennfmtﬁhnreslhmr& &alve seal;
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conpleted to produc
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seal;

Figure 7 is a qrossesection of-Figure.ZA on section line
8-8; - _ o |
| Figure 8 is a cross—section.cf_tigure 2A on section line

9-~9:; and .

Fzgure 9 is a crcss-sect1on of Flgure 2A on sectlon line
10-10. _ _ _ _
Referring now to Figurell, there is shown schematically

three control valves 10, of the present invetion, made up in a

tubing string T and installed in a well completed to produce

fluids up the tubing to surface using a conventional ‘gas llft7.'.

. system. A motor valve M, at the surface, controls pressurised

25

30

35

gas admittedfto the tubing/casing annulus A exterior of control
valve 10. Réferring_now to. Figure 2, preséurised gas from the
annulus A entefsicdhnecting flow passages 14 and 15 to act on
first piston pressure responsive surface 16. _ :

At the same time,: pressurlsed annulus gas enters ports 18,
flows between restrictor flanges 19 and bore 20 in lower hous-
ing 21 to act on the_seéled area of resilient valve closures
seal 1l. Pressurised gas after entgring ports 18 also flows
thi:ough cl_eatances 22 and 23, .linsid_e and outside of spring
spacer 24, to act on the sealed_areé of balancing resilient -
seal 25. o o .'_'f._ _ o |
In a preferred embodiment shown in Figuré 2, the seal 11

show ng

Figure 8 is a




fluids up the tubing to surface using a conventional gas lift system A .
notor valve M at the surface, controls pressurised gas admtted to.the \
tublnngaS|ng anhul us A exterior of control 25 val ve 10. Referring nom{jé§>
to. Figure 2, pressurised-gas fromthe annulus A enters connecting flow
passages 14 and 15 to act on first pi ston pressure responsive surface 16.
- At the sane tine, pressurlsed annulus ¢8s enters ports 18, flows between

TEStrictor §anacs 9.8k BahBe?01d ol BURE-IIOYR1vE00 { et 0 it on the

ngLed area of I ent valve closures sea Pressuri se as after
enferi ng poRnnuleg geab X3 mltmfbd{i}’n%ﬂ%%ﬁ?@e§922“%r¥c7'28reﬁ&md€ and

out si de of ﬁfﬁééﬁi1§@écfiuié4antQhﬁﬁiusoﬁ bheesi%H 8d éﬁﬁ%&dlfv99+é”!v ng
resilient seal 25. ga referrec&rP ngodl ment shown in Figure 2,
C

the seal 11from #W&P@eu!ﬂ%‘gﬁr ports REVRRN FESFELGEPT s hel d on
t'he annul ar gxarjes] 39pand tboea Ry @ﬂmssmhszwgl 20. 1 Thepisended i aka of

pressurised_ flui,d Ln annyl A _exteri,or ntrol,valve.10 from fl ow ng
Pirougn Tacessh opba i U8, eSSty HienstReLn inCERSARY aiiiils, oy

| ower housu;agp Zpresihse sdnﬂsedoarme)ftheeualm d.nduseaieutb&ralé m]mdve

t heref ore,  as A1 Ing‘fq;fplsggtgf?f ghgsggr%@gggvggé]f Sfbaidlie cl osure

menber 12 to nove ax on or e va ve cl osure

rmenber 12 iis thald on %%%ﬁ 133byycomnresssd cePEING g, 1the Madveaise is
"bal anced” dialdipedent o’ *6h-4dPClrPERddPRost L16RS been shown that

pressuri sed ann | u t hr orts 18 does not nd to ve the bal anced
val ve of f seat. ﬁ?%}ﬁ"rré"gﬁﬁﬂ §F§§§?ﬁ’(§ephf"8ﬁ sp&anEg s on' seal s
11 and 25, pdrtssiBedaes awitotendintd mover the balanced vadlveughifcsestnct i ng

passagevay sal biadide Aihis! BPeSuiireA Shrduf boRRe! 74 9 Pb! R EP 11

Operating piston retarning.rings 28 and
seal ed therad Zﬁ,tﬁhgeasamggextg QF agnyles pressueeacks SHrevglon 29 seal s

the pi ston wire@tihg Spichigekass dr WPACLS "6l PidGoRSsurface 16 on
operating piston 26. 0perat1ng p1ston 26 is pos1t10ned on
- mandrel 27 with retaining rings 28 and sealed thereto with seal
'29. Sliding seal 30, carried on plston 29 seals the. plston '
-_.wh11e it slides inside upper houszng 13. '
‘A second pressure respon51ve surface 32 on piston 26 1s 1n
_commun1cat1on with pressure in flow passage 33 interior of the
' . ‘control valve 10, through mandrel ports 34 and annular flow '
-_passage 35. ' ' .

- To open control valve 10 and allow flow from annulus A
exterior of the valve into longitudinal flow passage 33
interior or the valve, motor valve M is opened to admit
pressurised gas to_annulus A until the gas pressure acting on

- piston surface 16 produces sufficient off-seat force to
.;{overcome on-seat forces produced by interior pressure in
g.passage 33 acting on piston surface 32 and ccmpressed spring 17
_ ~force. When this annulus pressure is reached, see Figures 3A
e ?:and~3B,:operating piston 26 moves mandrel 27 and valve closure
. member 12 with seal 11.axia11y'off'seat'13'permitting'flow from
: annulus A exterior of the valve through lateral ports 18,
:between.restrictor-flanges 19 and bore 20, between seal 11 and
annular seat 13, between extension 36 on closure member 12 and
bore 37 through mandrel ports 34 and into flow passage 33. In



A second pressure responsive surface 32 on piston 26 is in connunrcatron
pressure in flow passage 33 interior of the control valve 10, through
rel ports 34 and annul ar fl ow passage 35. To open control valve 10 and
( flow from annulus A exterior of the valve into |longitudinal flow
zage 33 interior or the valve, notor valve Mis opened to admit

. préssurised gas to annulus A until -the éas pressure .acting on prstoh X
- surface 16 pr qdscesfseed fwellontlifkf gasawobid CEldw from emmalas- Ae&hré@qtces g

-produced by 0 aghi 0 2 ang
~ conpressed §%ﬁ%ﬁ%iléaﬁ%rc§y fw*gﬁagﬁFEQEnnéf 95 ?gsggfgéﬁé ?é@&% Eg%i

- Figures 3A &hd gRdugisgatformapion dhezeinvamd "riarfdtr"eth@?lmhtenaﬂvquumure
menber 12 wigbhgg@fdedl axially off seat 13 permitting flow from annulus A
exterior of the-.valve through l|'ateral ports 18, between restrictor flanges
19 and bbre 20, ©R% Rierareyof; the,gontral yalves ofs this: \ib¥sntieRBYem 36

on closure Reshsly ldestrdbedar say 7alisy’ @egit IRIsHE inpar wel BAvdich ragaiféow .
iy ough contiBhidapiale, " Prodnssctenciid WP dubipe nbePlor Bt ne
produci ng f annexteriohdubingacasing ahnuluse suchhaensonulufizl Fégerefhce. 5
oy o so beHE; PRECHRT lvel BOUR, B HELSAI Rl AbliBar BHSLI PSR T 0o
" i nj ect edoi nthet fame MANREY| AB VRN USednAa M <Q r valve nih @agpBgliferd us, '

such as annyelg A Figure 1 The control val ve mould be operable for-
chem cal |nJect|on in 10 same manner as when.used as a cont val ve

inagas lifted Wkﬁlvaﬁ?ﬂpkﬁﬂ§Qﬂﬂ§¥§%ﬁ9 éF&Ue&E§F5&FF%gnr$¥§¥%mw s?%hﬁof
this controlconetsr ¢&leer eBiqurtsl $)andre) epictddts el resil ivat vealveosur e

seal 11110 aBAS 48 1] SEGR! M6 Jdi0W o HodiVe 1%y ot BelRg LRSI &

seal 11 and-Sea as réstrrctors .o
: 15 Vvalve closure seal 11 and seak 13 as restrictors of flow

through the valve. When valve closure seal 1l is off ‘annular
seat 13 and_preSSute exterior_controlfvaive-10 is sufficient to
cause flow to'_the interjor flow course 33, flow must pass
through three stages of restriction, of which the initial stage
20 ©f restriction offers more restriction'tosflow than seal 11 and
seat 13. One flow restrictor consists: of lateral ports 18 in
lower housing 21. In Figures 2A and 3A the ports 18 are shown
to increase in size as their planes are spaced from seat 13.
If désired, the port sizes could be arranged in reverse as
25 shown in Figure 6.. Figures 7, 8 and 9, show planes with one,
two and three ports respectively. It should be understood that
- the number and size of ports per pdane may be varied to gain
desired stage restrlctlon.. B
The 1n1t1al stage- of flow restrmct1on is encountered
30' immediately after closure seal 11 is moved off seat 13, and
' flow occurs between the outside diameter of closure extension
36 and lower housing bore 37, with the length of extension 36 _ 4
being variable as.to,thé length-ofloperational time required of
_ this restriction before the second stage of restriction comes
35 1into operation during the openlng or closing sequence of the
valve. ) :



t hrough the val vé. \Wen valve. cl osure seal 11 .is off annular seat 13 and- )
pressure exterior control valve 10 is -sufficient. to cause fl-owto the @ '
i'nterior® fl ow course 33, flow nust pass through three stages of .
restriction, of which thetinitial stage 20 of restriction offers- mor e

“restrietion to flow than seal 11 and seat "¥3. One flow restrictor consists
- of lateral ports 18 i'n |ower housing 21.  In Figures 2A-and 3A the ports 18 .

aPg: shown to i nopRAgEchHRY Wt eaéftﬂeiwr reberRe ishcoépmaedsf aom seat- 13. | f

' desired the_por | | d h Fi
6% ¥ gur eo TrnR LY SEadh MHHPAHE SORHCs B RRGos af i Baifg s | O

- respectivel Vlthdﬁavmhﬁud)xﬁl the loder Hiousinghbdre hd7nsabas tangrevert of ports

er pl ane T I
P o a0 Bty PERFrdft 42, BrdEbledroh U8 8 hELGES Sal UP ad i 21
seal- 11 i s valwsl cohtisues it® openind ®xogessy s Thisnstage of sestrictionanet er
of closure @f’és'b%'ﬁwé@natflfe 'oﬁ’éﬁidé‘%:l%&n@ﬂe?%@ tﬁZ ré‘étﬂdtb% Eparige 10f

extension 3 el ng varl ab

as to ona reqU|red
of this r est‘?@@ﬁtoﬁhebﬁ%lr a1 ged s‘é’t%r’r&séﬁgg%f 81°“Fg agf %%f%se into
operation. gnis rﬁstbecewmmgercms:stemgheeﬁmmgomt 181.e val ve. The

second stage of fl trlctlon oL n ageg th

cl osure ex?énm egg ??; %ettl\?g ﬁﬁ ctlaé‘ﬁnf?‘g%‘fﬁ% g ﬁg%\eﬂ%ghs?ngﬂ@olr% 3(73 SO
as to prevefashion Iasr avtdniatrivet pista aings ewhenenthet oukpider diametral 11 as
the val ve COM MRS oF ! éh@%@t??c&?}f’%%?s rifd SoRliffe e 3LALCHDN occurs

bet ween t he ou i aneter e reStrictor “flange 19 nearest. the seal

11 and the 9ﬁs¢h9e hausmms%guzb %@ﬂ?@?&i@“t@haé: FEQt?‘F%ﬁrdFtPFa & osses
the first ppginekestr Elfx@fs’éﬂly 11 hgad %Sbtbﬂé@émfuﬁﬂg@&p J&mynathel n a

S e 250k ke RO nd BELRE £LARES R T, HBCaptl 8, Bl
housi ng 20 uempoﬁdtelgxtmm ithe boxe 331@um8g rthet opehinggequence of the
valve. :
- The third s_tage of the flow restriction occurs after the
. restrictor flange 19 nearest the seal 11 passes the port 18
nearest the seat 13. The gap between ends of the near flange
19 or the annular flow area between the outside diameter of the
restrictor flange 19 and the bore 20 of housz.ng 21 permits a _
‘flow volume which may be cons:.dered constant for the purpose of |
': explanation. As this restrictor 19 passes the port 18, this
' volume remains constant. The effect is then to add the volume
flowing through port 18 to this volume, thus increasing the
'~ flow past the seal 11 into bore 33.. At this restrictor 19
passes additional ports 18, spaced longitudinally (Figures 22
_and 3a), more flow volume is admitted to bore 33 until
‘restrictor flanges 19 move as. far away from seat 13 as

-

ER permitted. | |
o It should be understood that the outside diameters of
.. ' _restrictor flanges 19 may be the same or may be varied in any

| order or randomly to create desued flow restriction between

. the outs1de diameters of the flange and housing bore 20.

_ When pressure in the annulus A or conduit 38 is decreased
below that required to open the valve, the valve, moved by
closure means 17 then starts to close. As the valve seal 11



.19 nearest the seal 11 has a predeternined gap.between the circunferential
guds of the flange, so as to nmeter the flow tenporarily into the bore 33

' Ang the opening sequence of the valve. The third stage of the flow
%&trlctlon occurs after the restrictor flange 19 mearest the seal 11
agses.the port 18 nearest the seat -13. o The gap between ends of the near—
ftange 19 or the annular flow area bet w¥en the outside dianeter of the =&
‘restrictor flange 19 and the g]r# of. ho 21 pernmits-a flow vol ume
~ whi ch mayY&Sc 5F¢R éd’scﬁ?@'{' 1Ino °‘t"'ﬁ’e“9p§ipo € FEVEXPE FRAYSDTE As thi o
restrict oflobd rpsssist iidns pocmr.18'1‘htehresumlctnse f]amges 190anapmromThe ef f ect

“i1s then to t he_val rreflo thr ort- 18 to thi t hus
o ncrea5| ﬁinglf PN p’ﬁ'tséf’ ?Pi%r %ﬁ%% R x of 9 tre?ﬁf’s&r g%‘ﬁn ctor
passes aoﬁﬂdumaaalpﬁrqvetbscugtpmasl b&glam:tmaglc;aﬂﬂémgntal 2A and 3A), rmre

]a{/vg\g/v :‘/?l) gg?r§gr%%£ g’%r %ﬂ?tefsﬁ%g gﬁ%ﬁ sc?r e un Ea‘?{set %(IS’ that Jt:(ihe \éﬁt gsd];ar r

di anet er WCkd¥st rictor flanges 19 nmay be the same or nmay be varied in any
order or randomly to create desired flow restriction between the outside

- dianeters of the flange and housi ng bore 20. When pressure in the annulus A,
or conduit 38 is decreased below that requited to open the valve, the

- valve, noved by closure neans 17 then starts to close. As the valve seal
11 noves towards its seat 13 in housing 21, the reverse sequence flow
restrictions occur. The restrictor flanges .19 away from seal 11 come into
operation as they serve nowto restrict the additional .flow through ports

18, creating differential pressures during the closing process noving the

val ve to close quickly. :




"CLAIM5S 1.” A valve for use in. a flow conductor, conprising: a tubu 2 '
housi ng cennectable in a flow conductor and -havi ngJ 4 _
- the wall thereof communicating the exterior with t Mﬂ[ﬂ"'m ”'ﬂm 7
anndlar- seat neans in -sai‘d housing s®aced |ongitdi na sai d

port means; C. val ve closure nmeans slidably nmounted in sald housi ng and -

aving a seslarmg surface thereon engageable with said annul ar seat neans,

’d val ve%’U— osur e neans_bei at and off-seat
pQJt i ons to* cofit Vﬁivef Yw5F Wu?déﬁrgg?c:égghgt&ﬁe%éﬁg%ﬁsand the interior
of 7"sai d housJ nganmﬂmlaﬂ hops irsy wcanneetpblei ip aeddowf condurtory sai d val ve
15 closure aRaNRab q»ef&e%?ald S 5ihn8NdnOthe Sqall POREdSINS: . T1ow

passage neans for communicati n essure rom aroun sai d ousl! ng in said
wel | bore with 591'@“1@*%%@!1%1?1@3%?%‘?% wikhstheyitegdor; f| ow restrictor

nmeans onssad vannelahosigeat. nneaasanddmealilde therisAMg h splodd ve to said
port neans and iald seaf to sel ct| % restrict the flow of fluids
entering said h Gggﬁb“qaﬁs'}ﬁrﬁyt Fofi R aRRhns. 252.  The val ve of

. Claim1l, whesei valve o]aosiurewombanseasﬂndahbirudmnted pinr ddid/ of

| ongi tudinal ly al Qris S w [LFtor nmeans
¢ncluding a pl u?&%’%ﬁ?}'gofég hav &G e?n%CL b‘f’Inzgn ghgf%\%?crgh%(%%perat e wth
said plurality engpgeabls widht said ﬁ@y-tlﬁrcﬁeﬂﬁénﬁqﬂﬁn grid| vak#e entering

- said hougigg Weeiash.@éomnea'shw (iR Botwebh® oilsedtofard aim 2,
wherein said ports are |ocated,in"a 35plural |iy E(iovl oggl téidl rg;tl |y spaced

transverse pl an@Ef+88at pgsitions to "contro
- : between the exterior and the interior of said

‘housing means;
d. pressure-respons:.ve means for  moving said valve'
- 15 closure means between said on-seat and off-seat
positions; '
e. - flow passage means for commum.catlng pressure from
_around _sald. housmg in said well bore with said
preseure-responsive means; and
20f£. flow restrictor means on said valve. closure means
‘and movable therew:l.th relat:.ve to saJ.d port means
and said seat means to selectively restrict the
flow of flu:.ds entermg sa:.d housing means through '
sa1d port means.
252, " The valve of C1a1m 1, wherem _ _ . '
a. said port means J.ncludes a plurality of
longitudinally spaced lateral ports- and
b. said flow restrlctor means mcludmg a plurality of
30 - external flanges whlch cooperate with said

. "‘-:

plurallty of 'lateral ports. to restrict the flow of
fluids 'entering said _ho_using ‘means . t_hrough said

@

port means. _
3. The valve of C1a1m 2, whereln said ports are located in a
35plurality of longltudlnally spaced transverse planes, the flow
area of the ports in the 1nd1v1dual transverse planes being
graduated with the least flow area be1ng in the plane nearest
said seat means and the greatest flow area being in the plane



a of the ports in the individual transverse: pl ' d wth

ast flow area being in the plane nearest sai ' the :
est flow area being in the plane  farthest lmmgi@aﬂu ans. 4.
valve of Claim3, wherein said ports are graduatede | Sinzesi ry

ongi tudi nal direction, the smallest ports being nearest said seat neans .

and the | argest ports being farthest-ﬂréﬁlsaid. seat neans. 5. The val vex
of daim3, wherein said ports are located in a plurality of longitudinally
spaced t fanthest £romageid meat: meamsnber of ports per plane graduated so
t hat the plane nearest the seat neans has the | east nunber of ports and the
pl ane farthest fromthe_seat. neans has 't he,  greatest nunber of ports. 6.
The val vé-of B%iv@lye ohdrl@in Jai ¥henedn Baid (Bants: are grpdvated M uniform
si_lze. 7. sIbe_Mala/aogéiﬂugiimﬁd_in:} '??éols:iﬂQ\astepéf&sﬂbeﬁnél anges on sai d
val ve nmeans_are dr.adua in . size, .t .apge_nearest_t at _nmeans bei ng
| ar gest gﬁ%”%ﬁ; %’énaﬁéga{tﬁaﬁgsﬁnﬁ% ﬁﬁg‘!s%gtmé ngeb'éq r?ﬁgsg mal | est. 8. ?
The val véroh s3isl sedt meanssi n said flow restrictor flanges on said valve
means are graduated in size, the flange nearest the seat means being the
smal | est _and the flange farthest fromthe seat means being the largest. 9.
The val v8-of Theaiviglye of Claim 35 wherein gaid poxtsrare kngakedeimiag surface
of said pahwal iy’ fonfRitaiRas] ¢ spaeel| franivedye pPandyl ahfegkren and a
resilient seal ring is carried in s |%ﬁaroov_ and 1s engageable with said
annul ar PEEPRF (Rf ROELS (PR, B)BnE| Feasiatad#R thet fhe PLANR MEAYRRF on. 10, The
val ve of thé aseatomenherias thei ledstowmumberr of tportgeand thecipldae an annul ar
ext ensi o ' I u endin h i ul ar seat

" nmeans angaﬁ%}be?sﬁfg(}g&gl %}geegfggeﬁg?%?%% ?ﬁ% %é‘rl%vs\n&t ﬁ‘g&é’% ggaﬁﬁu 'Qa'r ext ensi on
permtting very little flow between said annul ar seat neans and said val ve

6. The valve of Claim 2, wherein said flow restrictor flanges

are of uniform size.

7. The valve of Claim 2, wherein said flow restrictor flanges
on said valve means are graduated in size, the flange '-near;-:st
‘the seat means being lérgest and the flange farthest from the
' seat means being the smallest. ‘ '

8. The valve of Claim 2, wherein said flow restrictor flanges
on said valve means are graduated in size, the flange nearest
the seat means being the smallest and the 'flange__farthest 'froml
the seat means being the largest. | o

9. The valve of Claim 1, 2, 3, 4, 5, 6, 7, of 8, wherein said
seating surface of said valve closure means has an annular L
groove formed therein and a resilient seal ring is carried in
said groove and is engageable with said annular means when said
valve closure means is in on-seat pbsition. ' -

10. The valve of Claim 9, wherein said flow restrictor means

includes an annular extension on said valve closure means |
extending throdgh said annular seat means and haﬁing a close oo
free sliding fit therewith, said annular extension permitting |
very little flow between said annular seat means and said Valve

A skt 2 W v b L




seating surface when said valve closure-neans is -seat position and -
the di stance between said seat neans and sai d seat,, surface IS han a

-predetermined value. 11. The valve of Oaim 10, \ H m'm”m for. N\
~noving said valve closure*i€dns includes : g{ resily Bm‘ ng éyL’ _

val ve closure neans toward on-seat position; and b. nean _r'bs;fonm ve t
pressure exterior, of sai -- - for moving said val ve closure

valve 10 = .- i d |

nmeans to off-§8§F;%S'T‘W€WW"S§P&deYPéY¢ oF 1P MeaNEed8hdD affzseat
© syfficient toposttiomeandi dhé edistaide harsiees raaﬁlas'l -d'seiaa:- meths/ adnee €didd ai m
.11, wherein said _pressure.responsive 15 neans inc es .. a. a piston on

sai'd val ve cl SSﬁFes‘l"@%rFf §'_5"a?$%|V’a@nﬁaﬂf?@e%eﬂ‘ﬂ"_?abﬁ?ﬁ?ehousi ng and
formng a variable capacity chanber therewith; and b. means for condu]E:tl ng
operating _fluiq i [1Q,oC . 20, . t_ on id piston for
noving saPd vé]iﬁﬁ_en% o?ﬁlgeng%b”ggé}ﬁn 1o0 pé’é‘FFFEs‘H {:lge g}(gelad’soi%gi_ Wﬁgﬁﬁ%nﬁmﬁ&
_ The val ve of URAVenckosurgh@eans, iacdmdest or conducting operating fluid

sexterior of the vaiyerddipiém Om€4agDBIaking Zaid f&m&aéiagsrg mhéA}?s |
tubul ar housing wal | _ havi ngnone end thereof opening exterior of the valve

housing. 14. A val ve YBPFEsBNTIFAE PRSI r, substantially as
wescribed herein bi tieansf aesporsite, tor ppessir@nextetiorh®B0saidlr vivigs.

35 10 - for moving said valve closure means to off-seat
position when said exterior pressure reaches a value
sufficient to overcome said resilient biasing means.

12. The valve of Claim 11, wherein said pressure responsive
15 Means includes : _ _ ' _ |
a. a piston on said valve closure means sealingly
engag'ing said tubular 'housing and 'fo_rming a variable
capacity 'chainbe_r therewith; and _ |
b. means for conducting operating fluid into said' chamber
h 20 _ to act on said piston for moving said valve closure
member in opposition to said biasing means..

13. The valve of Claim 12, wherein means for conducting
operating fluid exterior of the v_alve' into said chamber is a

25 flow pasSage in ‘the tubular ' housing wall having one end
thereof opening exterior of the valve Bousing. -

- 14. A valve for use in a fl:ow'_ conductor, substantially as
described_ herein with : reference to, or as shown in, the

30 '.drawmgs. |
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