:
2111562 .CHEM CAL | NJECTI ON VALVE W  OPBI Z ARMS This invention rel ates
to well tools and nmpr e particular- ly to flow controlling devices,
espeC|aIIy devi ces for con- trolling injection of treating fluids and k||
fluids in 05 wells. Chenmical injection valves have been used for many
years in wells for controlling injection of treating fluids into
tubi ng at subsurface |levels, for mstarﬁé| T or purposes of Controﬁidsfz
corrosi on, dep05|t|on of paraffln and the 10 like. Such valves are: -
gendral ly installed in and renpved from receptacl es, which forma part- of
t he tubi ng, through use of wreline eqU|pnent and technlques or by through
flow line (TFL) methods commonly called "punpdown™ so that such valves can
be readily repaired or replaced w thout renoving the 15 tubing fromthe

well.. Al'so, circulation valves have been used in wells for many years. The
tools generally have an openabl e passage which pernits the well to be
"killed" or |oaded with fluid when necessary. 20 ~Further, it is

common practice to place such valves in a side pocket mandrel in which an
of fset receptacle is provided. Thus, such valves do not obstruct flow
through the tubing. In addition, other well tools can be noved past them
and any one of such val ves or other deV|ces can be serviced w t hout

CHEMICAL INJECTION VALVE WITH OPENABLE




: di sturbing other tools in the tubing. It is sometimes desirable to
-gﬂject chemicals or other treating fluids at a very lowrate into the
| ing of a well through use of a subsurface injection val've during the .
produc- tion phase. Then when it is desired to -load the well with - 3-
kill fluid, it becomes desirable to inject such fluid at a very. nuch higher
rate. Since chemcal injection val®es are designed for very low flow
rates, -it is very difficult, slow, and costly to kill a well by injecting
fluids therethrough. 05 Exanpl es ‘of chemi cal injection valves an

circulation tools are found ipn the follo t ent
3, 051, 243 Thlss19§3niggn2r?éét?§3t° We%ng‘iﬁlisﬁng L r3496§5§8‘gi§}'
2,962,097 3,871, 450

Jett, et¥alto oﬂ‘%r"ﬁ‘”’%ﬁl’g’ﬁs q%\p.c: é%ﬁﬁ?@@%&bﬁ%ﬁ?% @/,KN%EFQ“ Thi s

pat ent 813 185 SRR NG @ cRELE g DOrBSd Nl K105 F1GRI/eEna pair of

t ubul ar m ng por I ons o pair of tubing strings-in a well.
Thigs sl ge4q 4l.S |n|t|aIIy re- 15 . |easably secured in position covering a
circulation port in one of the tubular sections. A second sleeve surrounds
the other tubuecagclindectidnC walivesa Hateederpaiged hfoei manPr pesusi ng up
said one tubular section will |lift both sleeves and uncover the circul ation
ports tdnpevelils kfdxt i agnthelbibhy 20jechbioni ofultneaking ﬁkﬂ{#ﬁeﬂntPU|ds

intoit. Pressuring up said
-well tubing at subsurface levels, for lnstance, for purposes

of controlllng corr051on, dep051t10n of paraffln, and the

10 . like. _Such valves are generally installed in and removed frpm
receptacles,® which form.a part of the tubihg, thrbugh use of
wireline equipment'and techniques or by'through flow line
(TFL) méthods'dommonIY'calied "pumpdown® so that such valves
can be readily repaired or replaced without removing the :

15 tubing from the well.

Also,'circulation valves have been.uéed in wells for many
years. The tools generally have én opehable passage which
'permité the well to be "killed" or loaded with fluid when
necessary.

20 | Further, it is common practice to place such valves in a
side pocket mandrel in which an offset receptacle is proﬁidéd.
Thus; such valves do not obétruct flow through.the tubing. 1In
addition, other well tools can be moved pas£ them and any one
of such valves or other devices.can be serviced without

25  disturbing other tools in the tubing:

It is sometimés desirable to inject chemicals or other
treating fluids at a very low rate into the tubing of a well
through use of a subsurface injectidn valve dﬁring the produc-

tion phase. Then when it is desired to load the well with



ot Aer tubul ar section forces both of the sleeves down to a |evel below the
initial level. “In this |owernost position, a pair of o-rings of equal size
stgadel e the cirgcul ation ports, in which position the sleeve is |atched and
cannot ,be dis- 25 pl aced therefrom Patent 4,039,031 issued to Tal nadge .
L. Crowe on August 3, 1977 for "WELL CONTROL VALVE APPARATUS"'. This patent
shows a flow control device for use in tige offset receptacle of a side
pocket mandrel in a well. It has a body with a fl ow passage -4-

t her gt hir oughkidli fluddk, e beecomes desirabliei ¢at iimjeutd hsudle £Xtedi at @
the tubing and with the other end thereof in comunication with the
interior of wesyt ;chy. higherr ratleat eSinscecclenichdr drijectiamtvaliis arec
sealing the fl ow passage, 05 and below this, there is a plug sealingly
engaged in t Besigoedpfompemhdav (flowyeatescdt ids er@agesiﬁ\gimhtshwﬂer
in the passage.  The_plug protects the disc against rupture by pressure
appl i ed ther @88 cRs&IFh toh&iddbianyeddi by dndestdngufluids dhemethrayghehe
tubing wi_ll rupture the disc_and expel the 10,6 plug,. thus openi,ng the
passage%or circuEFaPpdes 4f| chegical; diechiom Rires pargncircrlation

| njocti on valkPRLeoRZE, FRIY iR, Hie. Sohiayin F-8ai PASHREE-Gs i nio tho vl
and. removabl e i the DJFREE AN ng nsed <edun by SR
. - 2,726,723 3,211,232 4,039,031
2,962,097 3,871,450
10 Patent 3,871,450 issued to Marion B. Jgtt, et al. pﬁ

March 18, 1975 for "DUAL STRING CIRCULATING VALVE". This
-pateht shows a sleeve having a pair of bores in which is
received a pair of tubular sections féfming_portions of a pair
ofltnbing strinés in a well. _This sieevévis iniﬁiﬁlly re-
15 leasably securéd in pdsition covering a circﬁ;ation port.in
one of thé tubular sections. A second sleéve surrounds the
other tubuiar section and céve:s a lateral port therein.
Pressuring ﬁp said one tubular section will lift both sleeves
and uncover thg_circulation,ports to permit killing the well
20 by circulatinghof weighted fluids into it._'Pressuring #p said
other tubular secticn forces both_of the sleeves_&own_to a
level below the initial level. 1In this 1o§érmgst posi£ion, a
pair of;o-rings of equal size straddle the circulation ports,
_ in which position the sleeve is latched and cannot be dis-
.25 placed therefrom. | |
Patent 4,039,031 issued to Talmadge L..Crowe on August 3,
1977 for’ "WELL CONTROL VALVE APPARATUS". This patent shows a
flow control device for use in the offset receptacle of a side

pocket mandrel in a well. It has. a body with a flow passage



ered beyond the [ anding nipple without first retrieving the:chem cal. .~
ector. 20 . Pat ent 2, 606,616 i ssued to Herbert C.* Qis on Augusts
2, 1952 and.shows a landing nipple formng a part of a tubing string. The
ni ppl e has lateral ports and a renpvabl e sl eeve covers and seals these
ports. When the sleeve is_reanedT4TIomﬁthrough the ports can be had fof
-such purposes as cir- 25 - culating treating fluids, et¢c. Patent 3,051,243
1ssuedt?gr%%B¥3%g%ih%Y%%ﬂe?#%te%@r Rereefuif semmyngoakignqwithodbe a _/
slidin | eeve val ve devi.ce nmuch.like.that of _Dollisqgn 2,6 962, 097, supra,

but o SEERRENE B he ctesfnd AR it Ae anier | eRED texdo i 571 250

whi ch | . r | QT oher 1965 dj es. neans
i1 2SR LR ORrtC o) THRERR: R R Wbty R s
fromt ' e _ o ¥ | 4 4 1 4l t ports. 05
Af t ervv£§ ?:Igé ﬂgé a%fﬁrifhgef%%?%%%rﬁiﬂ? él%\%j;)ﬂqjh%ttet ufbii%%gingcﬁ%eﬂowed to
sebt | eand vEPeWdehis, SBhétengs@apsugPEeasvhglyhenqgagesi ed aheveibhe bal I
forces the sleeve valve to closed position and the ball and shifter: are
expendpaissdgy andsz-flpmge shefeomginfendmged aeith alskouliear donmleshed in
the 10 conventional manner using the device of Ginmmer, et al., supra, or
t he eqpds3ree: t Aheedlurapratectsctheo7discuedaiivssnizuptagse 1880 to

WIlliamW - ' _
pressure applied thereto through the tubing while overpressur-

reI i ne nethods. Since it occupies the tubing bore, other tools cannot bé
(.

ing exterior of-the.tubing.will ruﬁture the disc_and.expel the
10 plug, thus opening the.passage for circulation of killing
fiuids the#ethrough. _ | | i | _ )
| - Patent 2,726}723 iséued DecemﬁerllB, 1955 to Lowell M.
Wilhoit et al;_discloses a chemical inﬂeétion valve for
éontrolling the entry 6f fféating fldi&élinto.the well tubing
15 from the annulus exterior thereof. This valve ié installable
&nd removable in the bypass landing nippié shown by well-known
wireline methods. Since it occﬁpies the tﬁbing'bore, other
- tools éannot be lowered beYond the landihg nipplé'without
first retrieving the'chemicél injector."l |
20 - Patent 2,606,616 issued to Hérbert C. Qtis on August'IZ,
1952 and showS'a'landihg:nipple'fOrming:a part of a tubing
string. Tﬁe nipplé'has lateral ports and a'removable'SIegve
covers and seals these ports. Wﬁgn the sleeve is removed,
.flow through the_ports can be had for such purpbses as cir-
25 cuiating treating'fluids,'etc. | .
Patent 3,051,243 issued to George G. Grimmer et al. on
August 28, 1962 and discloses a sliding.sleevelvaIVe'device
much like that of Dollison 2,962,097, supra, but also shows a

device for shifting the sleeve.



R :
Dol l'i son and shows a ported nipple for use in well tubing and has a sl eeve
therein which i's shiftable by suitable tools - 15 bet ween port-opening .
and \port - cI05|ng,p05|t|ons to permt or prevent flow through the ports.

Pat ent 3,993,129 ‘which issued to Fred E. Watkins on Novenber 23, 1976

di scl oses a "FLU D | NJECTI ON VALVE FOR WELLS" which is suitable for use in
a side pocket ymandrel in-a 20 wel | to~control i njection of ‘chem cal s and

ot her treating fl S _.i.nt o] S rr nn FlL.yi ds
ent ek_t he side<ﬁl#é%en5a v%ffa%ég l%% g%gggﬁa% y opé&gﬁg pgggéﬁ%r EH

termnating i S ! ' e
urde e e, 2 S e Gl Heaod i 3" BrdsRed KBkieqq I8
through an of et tRERRILromt Bhbhguk@uee R ld:xe10Tpidls devdn etR@dnepb1Ehe
| oner end thereof into the tubing. This is simlar to the injection valve
mechani sm of gdwetgr esepermitedirmulatidionet of lukidsprihyoui €He Wpbehst he

applicants are aware shows a fluid injection valve for use in a side pocket

mandrel % a Afterwardsonta dbalhe ot obhef likei disf doopped dnter ithe ttoabing

interior of the tubing and haVI%;Eib pasiggassage for -05 bypassi ng the
val ve nechaniaff vinekPWRE &2 5L EER O coXRe Mﬁéhﬂeﬁ%nﬁa@qw%sﬁ%

bypass pass? bel%ﬁgpltlrr% t%[ﬂ‘#gd os hut qbr(raFiﬁﬁsg bI %ielng' re%pons%to t he
pressure in %W%ﬂ%-_
term ned a”D%ESLt& on and tﬂ@ebQiESSH& sﬁ&% IOgre é@ éﬁ%ﬁp t%ﬂ%\MﬂﬂstOO|

for’
quent shifting of the sleeve valve is accomplished in the

ld conventional manner using the déviée of Grimmer, et al.,
supra, or'thg eqﬁivalent thereof.

Patent 2,962,097 issued November 29, 1960 to William W.
Dollison and shows a ported nipple for use in well tubing and
has a sleeve therein which is shiftable by suitable tools -

15 between port-opening and port-closing positions to permit or
prevent flow through the ports. '

 Patent 3,993,129 which issuéd to Fred E. Watkiﬁs_on
Notember 23, 1976 discloses a "FLUID INJECTION VALVE FOR
WELLS" which is suitable for use in a side pocket mandrel in a

20 wélllto control injection of chemicals and other treating
| fluids into the-tubing from the surrounding annulus. Fluids
~enter the side qf this valve, advance to ah upward;y opening
paséage terminating in a valve seat and there acts. on the_
spring blased valve."The fluids lift the valve to exit the
25 seat, then turn and flow back down through an offset passage
| lnto.the lower portion of the device and out the lower end
thereof into the'tubiﬁg. This is similar to the injedtion

valve mechanism of the present invention.




' .
controlling flow of fluids'into the tubing fromexterior thereof at a

downhol e | ocation and.having initially closed bypass means opehable in -

Egixesponse to pressure interior of the tubing exceeding the pressure exter*dn

of the tubing by a 15- predeternined anount, this well tool having a
housi,ag connectable to the tubing-gad a flow passage therein extending
bet ween i nl et and outl et neans, an annul ar seat surrounding the flow

passage, 4 NeiecoPngngepblierwiart [ wieteh t the Oapplickhew aber awvareugh:

- operator nmeans for noving the val ve between 20 open and cl osed positi‘s#s

and r estporsi vy efluidrisieseioxtvalve H6rt hset ihi agstdecpdckett handiredi de the
tubing by ‘a prede- ternined anmount, bypass ports connecting the flow
passagin vt twelhetexconktoplothehdliosbioR) Slukds ofedm obhéecexkeniozi toout | et
nmeans and said annul ar valve seat, and a sleeve valve in the 25 housi ng
initihe tnberihertnd msadubying nendbhevioga pdwynass ppesage foch ports
when the pressure interior of the tubing exceeds the pressure exterior of
the t RWPREHI-Pr EBGt FA VR RERBARLsT WIRD CREFAESATY Ofe iaulagethe
present inventjon there_is grovi%gg device for controlling,fl ow_between
the i MaFrTDr Ve 2HeOEx LiARIASaf %&;¥P§§§WP§§ﬁEﬁEtEﬁ%nﬁoﬁﬁFFéﬁﬁ&Y a
housi ng, conpnectahle,to said 5 -, flow con uc%ﬁr and having i nl et neans
and o %ﬁeéxkﬁﬁ % TREPARID DS IRENEEN AR ENRPESFECFRI LREREART Wit h
said outl ng - r..val v at: s dn,said housing proyiding a
seat s‘#'fg}és é.g.gﬁ.ggn%%%e%%r% Enatextet iy tl?greof gy a ;Prea/e.—
termineé amount. - | | |
10 ‘The preseat invention is directed to a well tool for
controlling f£low of fluids into the tubing from exterior
thereof at a downhole location and having initially closed
bypass rceans o%en;ble ih response to préssure interior of the

Eubing exceading the pressure exterior of the tubing by a

- 15~ predetermined amount, this well tool having a housing

conrectable to the tubing and a flow p;ssage'therein extending
between inlet and outlet means, an annular seat surrounding
the'flow'passage, a vﬁive engagegble with the seat to control
flow'the:ethrough, operator meansifor moving the vaive'between
20 open ané ‘closed positions and.responsive to pressure exterior
of the tubing exceeding that inside the tubing by a prede~
termihed amount, bypass pbrts connécting the fldw paésage with
the exterior of the tubing at a location between said outlet
meané and.said anhulaf'vaive seat, and a sléeve'vélve in the
25  housing initially cloSihg the bypass but movable to a position
opening such ports when the pressure interior of the tubing
exceeds the bressuré exterior of the-tubing by predetermined

. amount.



med n fl ow passage; ,val ve neans including a valve tip 10 engageabl e
wth said seat *surface for controlling flow through said seat; a bypass
pQ§Qgge communi gating the exterior of said housing with said main flow
passage at a | ocation between said outlet neans and said annul ar val ve
seat; nmeans initially closing said 15 bypass passage and bei ng novabl e
to open position when the pressure at said outlet neans exceeds the
pressure at -said inlet nmeans by a predeternned anount; and val ve neans
oper@tor neans, including: neans for bias+ng said valve tip towards a-
position of 20 engagenent with said seat surface, and pressure
responsi ve neans.for bi asRggogdingv&pvenei pspeay ofohheapresent fuveation
when the pressure exterior of said _housing reaches a predeterm ned val ue.
According to anot her tAggecisopreNidgfedefievice for canerellingnklevis

ded a d f | h '
Exterior of a vl °§>s%3§%hﬁaheoﬁntesagr.enﬁgtﬁﬁé%ﬁﬁﬁéaéaﬁ B ekl tBfon "
sai d flow conductor gﬂgag@éoﬁég EBL@E%HEEQS Q“ﬂ?ﬁysa i Ou@%‘ét{é‘ﬂi’eatéf%&é' ow

passage connecting s NS W means; ‘annul ar

val ve seat n%ans in g P:BHEhEQoE“i‘Qﬂﬁ 959%9' maletssasnéusaacsuém%@&ﬁgg

said main flow passage; valve nmeans including a valve tip engageable wth
sai d seat and a main flow passage connecting said inlet means

with said outlet means} annular valve seat means in
said housing providing a seat surface surrouﬁding-said
main flow passage; valve means including a valve tip

10 enga&eable with said seat surfece for.centrolling-flow
throﬁgh said seat; a bypase_passege commenicating the
exterior of said housing with said main flow passage
et a locetion-betweeh said outlet means and said
anhular valve seat; means initially closing said

15 bypess.passage.and beiﬁg ﬁovable to open position when
the pressure at said outlet means exceeds the pressure
at said inlet means by a predetermined amount; and
valve means operator means, incipding: means for
biasin§ said valve tip-towards_a position of

20' engagement with said seat surface, and pressure
responsive means for biasing said.valve tip away from
said seat eurface when the pressure exterior of said
'housiné reeches a predetermined value. ._

According to another aspect of the present

25 lnventlon there is prov1ded a device for controlling



surface for controlling flow therethrough; a bypass 10 . passage
ommuni cating the exterior of said housing neans with said maih flow

~}q assage between said valve seat means and ‘said outlet nedns; .neans _\Jf
initially closing said bypass passage and bei ng novabl e to a position .
openi ng sai d bypass passage when the pressure 15 at sai d outlet neans

exceeds the pressure at said inlet neans by a predeterm ned anpunt; and
val ve neans operator neans, including: bellows neans having a pressure.
. responsi ve surface and connected betmeén sai d housi ng neans and said véLve

ti p, and expansible nmeans 20 - -inTs& & bell ows applylng a force to
extend said bell ows for nDV|ng aid yalv%%é -into en nt mnig sai d
annul ar- seat sﬁ%?ﬁc@eﬁM%ﬁ“sE?ﬂ %F%%‘%ﬁ d %ﬁ%ﬁ%?ﬁ n§ ¥&teteds the

force of the p

" responsive 25 Efssuﬁﬁ?‘?‘é‘éé °bt E?r;]\'f'ﬁ%b%ﬁ?%;\sagé%?'gq grgﬁls'gé d°§%§€$§%ﬁ?\g to
9 move said vahvgalhPefd@Yebhd dai YaPPARSLINED hlEnd £55r e acting

-0on Sal d pressure responS|ve sur ace O sal OWs deve ops force
exceedi ng the 5Q¢¢er Ohesnk Jakd PaNEh Dh CETGRSaddagdl CoRkbtOVlg Haid

The invention wl| be described now by way of exanple only mnth partlcular.
referepces to {hEeBCROARSNWiEY €4Pai ogElet médiss fir anvhuls: valve seat
| means in.said'housing means providing a seat surface
surrounding said main flow passage; valve neans
'includihg a valve tip enéaéeabie'with said seat
surface'for éonétélling flow therethrough;_a bypass
10 | passage communicating'the exterier of.saié.nousing
'means with said main £low passage between sald valve
seat means and said outlet means; means 1n1t1a11y
closing said bypass passage andpbeing movable to a
position opening said bypass passage wheh the pressure
15 " at said outlet means exceeds the pressure at said
inlet means by a predetermined amount;.and valve means
operator means, including: bellons means having a
pressure reSpenSive sdrface and:connected between said
housing mears and said valve tip, and expansible means
20  in said bellows applying a force to extend said
bellows fet moving said valve tip into engagement with
said annular seat surface when said force of said
expansible'means exceeds the foree.oflthe pressure at.
said inlet means acting on said pressure responsive

25 - surface of said bellows, said bellows contracting to



Ffbures 1-A, 1-B and 1-C, taken together, forma 10 | ongi tudi nal vi ew,
partly in section and partly in elevation with sone parts broken away,
showing the devi.ce of this invention as it woul d .appear durlng i njection of
chemicals or the'like treating fluid, therethrough; 15 Figure 2
is a cross-sectional view taken along line 2--2 of Figure 1-C, - 10 Figure
3'is a cross-sectional view taken along line 3--3 of Figure 1-C, Figure 4 .
is aviewsimlar to Figure 1-C but showi ng the device wth the bypass
passagé open and the main fl.ow passage 05 . cfosed; Figure 5 is a
cross-sectional view taken along line 5--5 of Figure 4; Figure 6 is
fragnentary vi ew si ninicwe tsaid galees tipoaway @mpmuﬁaﬂdngeﬁﬁumsénﬁlBthgthe
t hrough the device as they 10 would fromexterior of the tybin % t he
interior thereof; Fi RRGSSULEAagtdng Bn ﬁé&énPFﬁgéPHGrreé&ﬁ&?ﬁ?ﬁtgué RGRgPE

t udi nal tl I t d
or okon auay. - show ng B HOESLIANS GEFeIPEen @ FPESEnEXERIEAIRoANSaRRr IR bF

Figure 8 is a cross- secj:td oq@ \Qﬁ\’.’(ehg\%%@xfsallﬁlngal 'dn%efilo?s(’f Fi gure 7-B.

Referring now to Flgures £ roug raw n
5 The invention will be described now by way of

example only with particular references to the
accompahying drawings. |
In the drawings:
| Figures 1-A, 1-B and 1-C, taken together, form a
10 longitudinal view, partly in section and partly in
elevation with some parts broken away, showing the
~ device of this invention as it would appear duriﬂg
iﬁjection qf chemicals or the like treating fluid,
therethrough; | |
15 Figure 2 is a cross-sectional ﬁiew téken along

~line 2--2 of Figure 1-C;



- i1l be seen that the flow control device of this invention is indicated

//T_enerally by the reference nuneral 10. Wile the 20 deV|ce 10 may be

nchored like a gas lift valve in sealing relationship in a well tubing ‘-

not shown) in any suitable manner such as, for instance, on 'an external

| ug mount, or in a bypass |anding nipple such as the housing 10 shown in

- the aforenentloned U S Patent 2,72@723 to L. M WIlhoit et al., 25 |t
S part|cularly useful in-side pocket mandrel s such as the one shown
schemat i cal byg haeaéoriemn@:%edsucsmaatlemm% Wheh?A 100G ilAdecated
general ly thereln by the reference nuneral .12. In either case, the device
of theofgr gigtkei A-Cyenti on will be p03|t|oned to control entry of injection
fluids fromthe exterior to the interior of the tubing in a manner to be
expl ai ned. Fhgutevédcdsl@ wanpreemelarl&Dcﬁlsuxenﬂkﬁ butamsétowinigowheont r ol
device 12. The latch assenbly 11 is a well-known 05 -device for anchoring
gas |i fevigevwdthnthpdbypasRePasardrePPeRNaNAs throMRiRafiley PRSsRGRer end
attached to_the upper end of the flow control device 12 as by threads as at
1835 ThElrsedn assenbly i s -provided mnth a locking lug 15 for rel easably
anchoring t evige.in_the rece f_a si ocket 10..mandrel. and is
further pro Fggﬁemﬁtﬁsaarﬁﬁﬁfﬁﬁngg §a¥ v5§wm%F§%ntﬁ oﬂgv}&ge g En into a
wel | ag P& 8 Qulllng fl ange 18 by mhlch tthe device is retrieved, al

usi ng mel nown val ve handl i ng appar at us whi ch includes a SU|tabIe

ki ckover toglighee & i 981 BY £:hmlaidryview! sihilakhed! Feghré eqept acl e

showing circulating fluids flowing through the devxce as they

10 would from exterior of the tubing to the interior thereof;
Eigures’7-A and 7-B,_taken.together, censtitute a longi-
tudinal view, partly in elevation and partly in section with
some parte broken away, showing a modified form of the preeent
invention; and ' | |
15 -Figure 8 is a cross-sectional view taken along line 8--8
of Figure 7-B. | | |
'Referrihg now te Figures 1-A through 3 ef-the drawing, it
will be seen that the flow cohtrol device of this ihvention is
indicated generally by the reference numeral 10. While the
20 'devicello may be anchored like a gas lift valve in sealing
relationship in a well tubing (not shown) in any sﬁitable_
manner such as, for instahce; on an external lug mount, or in
a bypass landiné nipple such as the housihg 10 shown in the
aforementioned U.s. Patent 2,726,723 to L. M. Wilhoit et al.,
25 it is particularly useful in side pecket mandrels such as the
one shown schematically in _aforementioned U.S. Patent
3,993,129 aﬁd indicated generally therein by the reference
numeral_lz. In either case, the device of the present in-

vention will be positioned to control ehtry of injection



15° of the side pocket mandrel. Latches, such as the latch 11 and devices, "
such as the flow control device 12, as well as side pocket mandrels, are
avaL,abIe from Qis Engineering Corporation, Dallas, Texas. The flow
control device 12 includes three portions: 20 upper, intermediate, and

| ower . The upper portion conprises a valive nechanismfor controlling _
i njection of fruids, such as corrosion jnhibitors, or other - chemcals, into

the wel | tubigq f4.0 @rtcﬂr? %eé:’:Pér{cﬂ.er@&ftﬁ ﬁn!@fi(ofowrehé tubifg in a

i nt &g nedi - ate portlon co ises an Inrti y closed, but openable, 25

bypass whichg, W@@& Reredexpaaihka, high rate |nject|on of fluids such as
wat er or ot her |1 f|UIdS or k||||ng the well. The | ower portion of the

device conprises heheldvicdl VD nEwiisini ses far lateheassegbbpcklf hod fr dihow
interior of the tubing to the exterior thereof. - -

- 12.. The cdemired devind ulizs aTheudmtgh?@ssempliysiklg s pacWeid ~Known
having its upper threaded end attached to the lower end of latch 11 as at
13 and it% | desricehfarianchrring garedl HEt salves oln h%l%p%?cléwa mendEels

housi ng 26. Housi ng_ 26, t h ts | ded
attached as &&ds %W&aé’g“@gﬁnéﬁs 189’5229}@38%3@%98 g? %S\l}ésp%%dend of

th dedl d
cl osed by’ nodti R FOROL KBYHE 47 5 BY STEReL: o i et Re
36 I's provided wyoﬁé e rGPEALEYG: 80 WIGLIGHTUNSALS Hokh rjeCieastalﬂﬂy

t ubi ng i nterior
anchoring the device in the receptacle of a slde pocket

10 mandrel and is further provided with a runnlng flange 16 by
which the device is run ;nto a well and with a pulllng flange
18 by which the device is retrieved, ell ﬁsing well-knowh.
valve handling apparatus which includes a sﬁitable'kickover
tool for aligning the handling tooi with the offset'receptacle.

15 of the side.pocket'mandrel. ' '

Latches, such as the latch 11 and devices, such as the
flow eontrol'deVice.lz, as well as side_poéket mandrels, are
available from Otis Engineering Corporation, Dallas, Texas.

The flow control device 12 includes thfee portions:

20 upper, intermediate, and lower. The upper portion comprises_a

- valve mechanism'for contrblling.injection of fluids, such as
corrosion 1nh1b1tors, or other chemicals, 1nto the well tublng
from the exterior thereof at_a very low rate. The lntermedl-
ate portion comﬁrises an initially closed, but openable,

25 | bypass Which,_when opened,_permifs high rate injection ef.
fluids such as water or other kill'fluids for killing the_
well. The lower'portion of the device comprises a check-valve
mechanism for preventing'baek fiow from interior of the tubing

to the exterior thereof.
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Y] Val ve housing 26 is provided with a bore 40 which is reduced near its upper

end and threaded as at 41 for a purpose to be described. Near'its |ower
end, the valve housing 26 is provided with a pair of opposed dnlet ports
42. Inlet ports 15 42 conmmuni cate with outl et openings 39 via a flow
passage to be described. Below these inlet ports, housing bore 40 is
enl-arged to provide a downwardly faogpg shoul der 43. A val ve seat .nenber 46
i s disposed within valve housing-26 and has an external flange engaged.with

downwardly facing 20 shoulder 438 t revent_ upward novenent of the seat/
menber in"t APehGENIFE 124 iniudes @ @S%@%ﬂsm%?gl% & PAkIRG ween

oen"Satp 28 &aﬁrﬁ?ﬁ@”%@%&&?ﬁf ggd?%agﬁtgashﬁ'ﬁﬁ‘sspﬁﬁs Pl B>
The valyje 1568 THTHGT ds 1nodluaeq b1 gler eﬂ&aie.asadeﬁaﬁaa goueg hbe

o-ri ngs 4 as at rovi e an annu recess conmuni cat es

with thy i %hep%bb%r4%nan6f“bhﬁvé ﬁbﬁ§§n§a§§ageH5Qsiﬁg tlﬁnﬁﬂfﬁse|y
t hrough the seat. nenber as shown. A central |ongitudinal passage 52 is

prosvi deds itshaowidy e athrendwily atthicie®d£nds 18 oot bgpasossupassage
50 to the upper end of the valve seat nenber where it opens through a valve
seat i 39art Bypalsavisnb 30sbas itsf dowebSend @breadédly. atfachedaasi asert 54
is preferably formed of a hard material such as tungsten carbide. Passage
52 conﬁ@nt@apégcgr@?@V§a§§§§én503ﬂnWh°§ﬁa%98¢r563ﬂnlﬁogépﬁgdbbYenqeeabove

val ve seat nenber 46.
_ piece 36 attached as at 38 by a thread as shown. Nose piece

36 is provided with outlet openlngs 39 whlch communicate with
10 the tublng interior.

Valve hLus;ng 26_is_provided with a bore 40 which is
rednced near its uope; endland'threaded as at 41 for a putpose
to be descrlbed. Near'lts lower_end; the valve housing 26 is
'prowided with a.pait of oppoSed inlet ports 42. Inlet.ports :

15 42 communicate with outlet openings 39 via a flow passage to
be descrlbed. Below these inlet ports, housing bore 40 is
enlarged to prov1de a downwardly fac1ng shoulder 43.
A valve seat member 46 is d;sposed_w1th1n valve housing
26 and has an external flange engaged with downwardly'facing
20 shoulder 43 to prevent upward mowement of the Seat member in
_the housing. A re5111ent seal such as o—r1ng 47 seals between
the valve seat ‘member and the ‘housing below the inlet port 42
while another such seal r;ng 48 seals between these two pieces
above the inletdports. The:valvelseat_member is reduced in
25 outside diameter betweensthe o-rings 47.and 48 as at 49 to
provide an annular recess which communicates with the inlet
ports 42 and with-a_cross passage 50 formed transversely

through the seat member as shown.



\kﬂve seat nenber 46 is further provided with a plurality 10 of offset

| ongi t udi nal passages 58 (shown in dotted lines) which are disposed _
paraplel to central passage 52 and extend the full length of the valve seat
menber to communicate chanber 56 with the region i medi ately bel ow the seat
menber -and which will be described | ater.2315 - A valve ball 60,
preferably of -hardened materi al such as tungsten carbide, is attached, as

pref er a !
Chergsbout i n wh ’cen%#’%lé PendSeiiidy BAsfief B ALWrSrdeEn, T

engages the 'v’éhri WenHATOEY ﬁﬁ&? é:b@énéé Uf £5m SERE T &Pgs L Opasédige V50 ve
housi ng throu |nIet ports 42 may pass into annul-ar recess 49 and cross
passage 50 a_rut: e dbydt bEoude Geilvel spatsmembe? whelref titvabpensdal |

60 from engagenent wi seat surface 55. These fluids, when ball 60 is off
seat, nove i rdhrculnervébvandeateinpass Géwinasniaiy a meajgrsu#ﬁm % as
passages 58. These fluids cannot pass upwardly beyond piston seal 64. _ The
pressur e®f tdiwsm.f| Phis agatngnenrthé4mu§(9r6§?r E%r@ﬁﬂfPﬁién@ard

magni tude, will l'ift the piston and the ball .60 carried thereon

Pi ston 62 |smﬂ§ﬁﬁﬁii|$PQha§%t§Pn3559% sazpige. prB?F&PﬁS gﬁoﬁqmﬂnqﬁfa es
formng a guide rod 66 mhlcg extgﬁ r di %earln gg ﬁﬁ
suppor t ed .on F¥tHrPRIRAATUe Ogwi 78 sthparEEitfe ower az’_"é’f"'

coil ed conpr essji on s mhose upper end bears agai nst the | ower
si de of flangesgv S Wbl 6. € upp g | |

Valve seat member_46 is further provided with a pluraiity

10 of offset'longitudinal passages 58 (shown in.dotted lines)
which are disposed parallel to central passage 52 and extehd
the full length of the valve’ seat member to communicate
chamber 56 with the reglon lmmedlately below the seat member
and which will be descrlbgd later.

15 A valve ball.so, preferably of hérdened material such as
tungsten.carbidé, is attached, as by silver.soidering, to
plston 62 having an external annular recess formed thereabout
in whlch a suitable re5111ent seal such as o-rlng 64 seallngly
engages the inner wall of chamber 56 so that fluids enterlng

20 the valve housing through inlet ports 42 may pass into annular
recess 49 and cross passage 50 and mové upwardly through
céntral passage 52. to 1lift valve ball 60 from engagement'with
seat surface 55{ 'Thgse fluids, when ball 60 is off seat, ﬁove

into chamber 56 and then pass"déwnwardly thrqugh offset

25 passages. 58. Thése fluids cannot pass_upwardly beyond piston
seal 64. The pressure of these fluids acting on the piston
62, when of sufficient magnituae, will'lift the piston'and the

ball 60 carried thereon.



rmed on guide 73, as shown, and this guide is engaged by, t he | ower end of
XHj usting screw 74 which is recelved in thread 41 of packlng sub 22 so tgﬂl
tjurning the adjusting screwin one direction will increase the conpressi
Jn-spiing 70 and 10 “turning it in the other direction wll reduce the
/conpr.ession. A screwdriver sl ot 76 mﬁy be provided in the outer end of.
screw74 to facilitate the turning thereof. A lock nut 78 on the adjusting
screw i s tightenabl e agalnst the upper end face of valve housing 26 to.lock
‘the adj ustiP§sSerefZadd maduced indiaretean ahove wealphésproeiding
adJustnent#af thg com .pression or load jn spring 70 after it_has been

[

st e T1os B GIeli e bl I e rorient Burobes o
'neor (D8a7Lng Ting 68 Te SPPBPHtﬁge ﬁ?? h%%&é §Bpr R upvardly.
act o ohceckoobiat, a0 ok, Lh bl sLencubi £R LepseRledly dibe a0 64
A et e ARl SR ORE: 524081 HeTERRRRL ogn Of the

‘seat, Qévé aa 9§a”2%rsi@wﬁ?tinﬁg%hﬂ§tﬁh %gﬁg%i%éﬁﬁictéiﬁﬁ' by

o- rlng 64. e bal'l’ on seat, 'pressure i at ar'ea

- seal edy byesp- éh&9o§4a§pﬁ%%1h§afsc¥e%a7qf whilehs4al regdlived i adrdify 41 The

chanmber 56a above pisfon sedl ring 64 and in which spring 70 is situated is
nor mal 6§ ﬁaékeﬂgwehh 22 so that turning the adjustlng screw’ in one

direction w1ll increase the compress;on in sprlng 70 and
10 turning it in the other dlrectxcn will reduce the compress;on.
A_screwdrlver slot_76 may be prov1ded in the outer end of
screw 74 to faciiitate the turning thereof. A lock nut 78 on
" the adjusting scfew is tightenable'against the“upper end face
of wvalve housing 26 to lock the adjusting screw against
- 15- turnlng and to, thus, preserve the adjustment of the com=-
pression or load in sprlng 70 after it has been echieved. The
spring-thus_biases the piston downwardly for the purpose of
biasing the.ball 60 towards seeliﬁg.engagement with seat
surface 55 of seat insert 54. | |
20 Thus, £luid pressure in chamber 56 applies an upwardly
| actlng force to that area of the piston whzch is sealed by its
o-rlng 64 tending to lift the’ bell 60 above its seat;' of
course; when the ball is on seat, pressure of.the fluid in
centrel passege 52 acts on a portion of the ball's surface
‘25 tending to lift it off seat. Once the ball is off seat, the
pressure in chamber 56 acts against the entire area sealed by
o-fing 64. With the ball on seat, pressure'in chamber 56 acts
on that area sealed by o-ring 64 minus that area of the seat

sealed by ball 60.



ait at at nospheric ;pressure but could contain a suitable conpressible gas

at superat nospheric 5 - pressure, if desired; Such gas pressure would
ac{\on the upper, side of the piston 62 and aid the spring 70 in biasing it
downwardly; |f deéesired, a snall anount of |ubricant and preservative such

as water or..other suitable medium my be deposited in chanber 56a where 10
it wll remain in contact wth seal ring 64 to lubricate and preserve the

sanme and, thus, prolong its useful life.” The upper end of adjusting screw
74 é&xtends into bore 22a of packing sub 225 which bore is reduced as 15

at 22b and is cl osed or Ieft blind as at 22c; The threaded connection 24

Chanber 565 t hr iﬂBLaFLgse . tﬁh‘ﬁ%ﬁ%ﬁr@ﬁ’%wrﬁ%%aﬁc%% 1oFIH' §3' ha"ih"
effectively seals thg,upp qg% sea Eqb%ai@% 4 normaWh&hfaihﬂath@ghscrew

74 inside; Since the plsto y seal ring 64 i5 quite large, the

valve tip or ball 6Qiy |de REenosphArad Rt e3suledbutelcpull@vcpheastra in
chanber 56. To nodify the device 12 for use .in nuch higher pressures, the

25 . piston seal guitabi® rsompressiblienaasd ato subatatmosphpetesur e
differential will be devel oped across the piston. Thus, the valve tip wll
be lifted frdm seat pnessame 55 fordesilned.he Suchc gasf prlessurpr woslideach on -

the upper side of the piston 62'end aid the spring 70

in biasing it downwardly. If'desited; a small amount

of lubricant and preservative such as water or other

suite?le medium_mey be deposited in chamber 56a where
10 | it wél remain in contact with seal ring 64 to

lubricate and preserve the seme and, thus, prolong.its

useful life. ' |

The upper end of'adjusting screw 74 extends into
bore.22a of packing sub 22, which bore is reduced as

15 at 22b and is closed or left blind as at 22c. The
threaded connection 24 is sealed by e suiﬁable seal
rihg 25 as shown. Bore 22a communicates with chamber
56a through loose fitting thread 41. Thus,_packiﬁg
sub 22 effectively seals the upper end of chamber 56a

20 with adjusting screw 74 inside.

Siﬁce the piston area sealed by seal ring 64 is
guite large, the valve tip or ball 60 will be unseated
by a relatlvely low pressure in chamber 56. To modify
the device 12 for use in much higher pressures, the

25 piston seal ring 60 may be eliminated so that no




-.passage 52 in the valve seat 46. The valve is biased 5 - toward cl osed
~pysition only by the force of spring 70. The spring will thus maintain a~
.-:)_ ck pressure on the chemicals or other fluids entering inlet. ports 42_"‘._

Ajternatively to elimnating seal ring 64, an equalizing passage (not _
own) can be provided in 10 piston 62 to conduct fluid pressures from
bel ow the piston into the chanber thereabove. In this case, the seal ri-ng
64 may be left in place to prevent chattering of the valve. If so, the:sea
ring.64 need not fit tightly with bore of chanber 56 since it need 15.
not seal therewith. |If the area sealéd’by the ball 60 when on seat is 1.20
sg.- cm (3/16 square inch), then a spri‘ng force of 136.1 kg (300 pounds)
will result |rPresAHRR GFhaneptiads il dre devsdonsd Rarofs §h®r16 pounds
per square .inch). \Wereas, before such 20 ... nodification, if the
di amet er seal &Q%‘EP%'EaIﬁW#Yg ‘%if \/V%IS‘TB B idd ﬂ%d’i’rféﬁi)f?f%é%%a seal ed
woul d be 6.413 : .99/ [ Vg AN ' orce of 136.1 kg
(300 pounds) Vs\leﬁ% gréensﬁ)'t&%& ?wg{h\e/ee %H[?e?;lelsr?gf Sélgjslgdu%?éo%&a%epr%xi mately 2083
kil opascal s 2 - WHE R ] jgich) id & Sfalg means
such as a V- p}iﬁ(slsnagqésgét)‘:2 ilmrjldl cat@vbfl%%}edgce Tr?uerrevraa%u%gltgsg?rour?ds t he
packi ng sub 22 sk d ScFOHEP P¥l o Sy By Al fr s WF Epk g i 70
shoul der 81 forned on the sub where _ - o
The spring will thus maintain a back pressure on the

chemicaIS'oi-other fluias.ente:ing inlet pdgts 42;
Alternatively to.eliminating'seal'ting'64, an
equa{}zing-passage {not shown) can be érbvi&ed in
10 piston 62 to conduct fluid pressures from'beloﬁ the
piston into the chamber thereabove. In this case, the
seal ring 64 may be left in place to prevenﬁ
chattering of the valve. -If so, the seal ring 64 need
. not fit tightly with bore of chamber 56 since it need
15. not. seal therewithl If thé area sealed by the ball 60
when on seat is 1.20 sq. cm (3/16 square inch), then a
spring force of 136.1 kg (300 pounds) will result in a
valvé opening pressure of 18736 kilopéscals (2716
pounds per square inch). Whereas, before such
20 modification, if the diameter sealéd'bY'seal'rihg 64
was 28.6 mm (1-1/8 inches), the area sealed would be
6.413 sq. cmi(0;994 équare inches), and a spring force
of 136.1 kg (300 pounds) would result in afvalve |
oéening pressure of appréximately 2083 kilopascals

25. . (302 pounds per square inch).
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5" its dianeter is reduced to receive the annul ar packi ng. Packing set
80 is confined‘between shoul der 81 just nentioned and the | ower end 1l a of
| atgb 11. Packing set. 80 seals between flow control device 12 and the inner
wal | of the tubing receptacle (not 10 .  .shown, but which in this case
woul-d be. the offset receptacle of a side pocket mandrel) at a | ocation.
above the lateral ports of such side pocket mandrel. A second V-packing
set, i'ndicated by reference nuneral 80a‘is dlsgosed about the bypass sub 30
as .15/ shown and its upper end is engagea e by downwardly facing

shoul der 82 fornmed on this sub where its diameter is reduced to receive
this “packing. The | owenitablefsealsmparki sychecasia CrPROkingl $8t ¢ he
upper end of check val ve housi ng 34._ Bypass sub 3 rovi ded, just bel ow
the thread on its uppBficagedybYhrefpEeRCHREMRER g é&ng?ﬁﬁp?ﬁégn%ﬁ

| | -0 f | b 38
T h eoomunt cat o L hBecking! apbosd: ana SR Suprat BT b Mk ESeds L a%%f%%f

Bore 86 is reduced aspg?rggya?gééh&ssﬂggféegngl PépMéglﬁg @h§r§W%€g§ve cmat

and enl arged again ad upper-end as s

menber 46 is gprovi deg gy haaﬁe@ewﬂw@r gbifueeantHIr bké e b€ Senihdeh is
equal in dlaneter to bore 87 of the bypass sub 30 and is axially aligned

therewi th, both of tpasrihglesphekifgceatesedigncoheihedobé tiean skousderf
the 81 just mentloned and the lower end lla of latch 11l.
Packing set 80 seals between flow control device 12
and the inner wall of the tubing receptacle (not
10 shown, but which in this case would be the offset
receptécle of a side pocket mendrell at a location
above the lateral ports.of such side pocket mandrel.
A second V-packing set, indicated by reference _
numeral 80a is disposed about the bypass sub 30 as
15 sﬁown and its upper end is engageable by dcwnwardly;

facihg shoulder 82 formed on this sub where its

diameter is reduced to receive this
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evice. 15 It wll be noticed that enlarged bore 88 of the bypass
ub conmuni cates with the | ower end of the of fset passages 58 O0f the val ve’
eat menber 46. The purpose for this will later be made clear. Bypass .,
leeve 92 is disposed within bypass sub 30 and 20 initially.closes or
seal s off bypass ports 84 but is ble to a position opening the sane as
wi || soon be described. Bypass slLeeve 92 is slidable in bore 86 of the .
bypass sub and has its dianmeter reduced as at 94 to provide shoul der 9%

near | ARG Che AGRY AdGofUehiaopacking 980AY itibdtd py? et

suitab seal” ring groove near the upper end Of reduced dianeter portion 94.'

seal i nghe epgageendhefweheckf vaadre Bdéuefinghssbypass sub. Bel ow the shoul der
95, the bypass sleeve is provided with a suitable seal ring recess in which

- a seal ringBypassasub raongi provileposiust doakaw tize wekneadecobyptss
sl eeve and the bypass sub bel ow bypass ports 84 as shown when the bypass

‘sl eeveuppernends wéith dbyeaissgposd Megas trudhef Ifgras ofh@e Mg itdsirgh
bﬁﬁgss.ports-84 are confined in annul ar recess 98 provided as shown between
t

by B&¥s - BT PyRAFH RS SFhelRP9Figiretal v ardi bl Wppek and
| orer SR cAER e e A0 97, phERERL YRk, 5 0 EReblp R 2aS°
Lo, IR A 6 PS8R0 O o ek HHSSEREDI0E, L00o! 20
providing a shoulder 86a, and enlarged again as at 88 at its
upper end as shown..

10 Valve seat member 46 is provided with a dowﬁwardly

| opening.blina bore 89 which is equal in diameter ﬁd bore 87 of
the bypass sub 30 and is axially aligned therewith, bqth of
these boreé-being centered on the longitudinal axis of the
device. _ | | _.

15 It will be noticed that enlarged bore 88 of the bypass
sub'éommunicates with the lower end of.thé offset paSSages 58 -
of the valve seat member 46. The purpose for this'will later
be made clear. |

Bypass éleeve 92 is disposed within bypass sub 30 and

20 | initially closes or seals off bfpass ports 84 but is movable

to a position opéning the same as will soon be described.

| Bypass sleeve 92 is slidable in bore 86 of.the bypass sub
and has itg diameter reduced as at 94 to provide shoulder 95
near its upper end. A seal ring such as o-ring 96 carried in

25 a suitable seal ring groove néar the upper end of reduced
diameter bortion 94 sealingly engages.the wall of bore 87 of
the bypass sub. Below.the shoulder 95, the bypaSS sleeve is
provided with a suitable seal ring recess in which a seal ring

such as 0O-ring 97 is disposed to seal between the bypass



an appreci abl e numher of bypass ports 110 which are regi sterable wth
bypass ports 84 of the bypass sub when bypass sleeve 92 is in its open
position,. shown in Figures 4 and S. In order to make certain that bypass
ports 84 and 110°15 will communicate freely when the bypass sleeve is in
its open position, the bypass sub 30 is pfeferably formed with an internal
recess sucrdaS'recess 112 as seen in Figures 4 and 5. (Alternatively, a
recess cou ' r iRt eri.ar ske . hsT i

t hese ports aggﬁ%% gﬁggﬁﬂfb%§§§%§|F§% P%§§&GP? Q%Své??ﬁglggshgoﬁgﬁgF ?Pﬁ?ds
t her et hr ough ¢hiee @l pbdair aabEefOt fsSehs s PP6EE-EDHEANYG CRo8ividN. I eqhas,112.
Thus, fluids entering the device through ports 84 flow into recess 112-and
thence into gnedider cgePiig sthibughnisgiasse! pobes o®4bygmes scpmfised 1Gn t he
bypass sl eeve 92 25 is provided with a third o-ring 97a which is not
unl i ke o-ringn9nlart recaiss 198 pwoviidedy passhpwnt befweehokhei bypagar subk. 3%he

bypass sleeve 92 is held in its initially closed position by rel easable
means siféh aanshbypassnsleeyeafd ang, sepdedrabolhs WAPER a7 reeheris Py
suitabl e apertures in the 20 wall of check_valve housing 34

i nner _ends ef§adedings 3¢ aBPé P@ce§§sﬂ\°§é’ﬁ_§"’ﬂ'§'arﬁ? %P9 o ﬁe&h%mni‘g'ﬁ’tg‘ggl r
T16 and 117 GoMeyoESHRiARe IPotkrof LeRba RaP LAl ar 05 orooves.  Shear
D pin e mts Bypalle RN IS Y dP08 WHEbeapblE bBZRSoR! sl N9
-reduced as at 104. In a transverse plane located slightly
10 below its seal ring 97, the bypass sleeve 92'is provided With
an appreciable number of bypass ports 110 which are
‘registerable with bypass ports 84 of the bypass sub when
bypass sleeve 92lis in its_open position, shown in Figures 4
and 5. 1In ordér to make certain that bypass ports 84 and 110
15 will communicate freely when the bypass sleeve is in its open
.position, the bypaés sub 30 is préferably formed with an
internal recess such as recesé 112 as seen in.Figures 4 and 5.
(Alternatively, a recess could be formed in the exterior
" surface of sleeve 92.) .Theﬁ, if these por;s do not'aligh
20 radially, they will nevertheless conduct fluids therethrough
freely because both sets of porté cbﬁmnnicate with recess 112.
Thus, fluids entering the device through ﬁorts 84 flow.into
recess 112 and thence into and through pofts 110.
Immediately below bypass ports 110, the prass'slééﬁe 92
25 is provided with a third o-ring 97a which is not unlike o-ring
97 but seals below the bypass ports as shown in_Figure 4,
The bypass sleeve 92 is held in its.initially closed
éositidn by ﬁeléasable means.such as shear pins.llé and 115,

-one'or both, which are disposed in suitable apertures in the
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ircling the check val ve housing 34 and confined between its upwardly

acing shoul der 119 and packing set 80a. Thus, the shear pins cannot fall-
out inthe well, yet they will be 10 readlly accessi bl € forireplacenen
by renoving- sleeve 118 during redressing of the devi ce when the device is.
again on the surface. By varying size and quantity of the shear pins as
well as the material from which thgy are made, such as al uni num 15 .
brass, steel, or the like, the shear means can be made to -rel ease at any
sui t abl e predetern1ned val ue. The |l ower end of bypass sleeve 92 serves as/a

seat f®aldh&dk check TRHR m%#“i)r%’%'e\‘i{-tbaékeﬂ-’ow@ﬂ?oﬂgﬁst BREggEeAce

dl t f th whi ch
Wl ndd Bk HRe '%?re«‘r’aev% of e 8RRhade " Fobpeel o " rexienion or rma

about the extre

fot ch
sur f ac& & i< atbé%’ eeeS'fe %%‘c%a%znu%era% pl I i gureseéB 'aé]ﬁc:e gheck
valve RS P Sm Cé@%gﬁqunc'@@rf%ﬂ%é £ "ERDEEndE2 ARG @ Seal

surfac forne t her eon i S engagea e seat surface 120

SUjg OURGideredar € sw.%xt PpinHckipagkd! ewst a&augﬁetf@&am Gt 3Rk al ve

cl osurée nenber 122 is novabl e between open and cl osed positions. I't is.
provi dematis hswcib| asd ther e1d@éevid ctimpepetdaningr dleewed 118 rensi ves the

guide rod 130 whose |lower end is provided with fins 132 which rest on the
floor trdkaifinghehwsshqikceabt Hdusings3éxarddconfinedhbetween éhd of
gui de u%iggggyagié%i;n;houlder 119 and packing set 80a. Thus, the
.shear plns_cannot fall out in the well, yet they will be
10 feadily acc%Fsible fo:,replacement.bY'removing sleeve 118
during redressing of the device when the devicelis again on
the surface.
By varying size and'quantity of the shear pins as well as
the maferial from which they are made, such as aluminum,
15 brass, steel, 6r the like, the shear means can be made to
-release at any suitable predetermined value.
| fhe lower end of bypass sleeve 92 serves as a seat for
check Qélve means which'prevent back flow through the device
:egardless of the pdsition of the bypass sleeve, in a mannef
20 whicﬁ will now be described. Préferably, a check valve seat
surface is formed about'ﬁhe extreme lower end of bore 102 of
'ﬁhe bypéss sleevef énd such éurface is.indicatéd by the

reference numeral 120 in Figure 6.

The check valve means comprises a check valve closure

25 member 122 having a séal surface 124 formed thereon which is

engageable with the seat surface 120 surrounding bore 102 to
block backflow through the device. Check valve closure member
122 is movable between open and closed positions. It is

provided with a blind bore 126 which opens downwardly and



fluid to fl ow between them and into outlet openings 39. A 05 spring 138
I's supported by the fins 132 and has its upper end bearing against the
| ower  end of check val ve closure nenber 122 thus to bias the closure menber

toward closed position. To aid in assenbly, a pin 140 disposed in a
suitabl e trans: verse aperture in the gu rod 130 has its outer ends
engaged 10 in one of a pair of opposed |longitudinally extending slots 141

in the closureceaves the fifdd b LBOSwheseelowerorernddguprievided with
ot hexwi se serves no function after the device has. been assenbl ed. Fluids

passi ng downfdngl i 3hrwhigth t hesbypasthel dloo0213b-of wiheé nose piece Gfwe
menber 122 downwardly agai nst the conpression of spring 138 and permt such
fluids to paTheafdnsdetitend below maebuwgzzeaddotpmge 1804 H3Qsamdtpermlt
the fins 132 and exit the device through qutlet openings 39,to f%SM/into
the interior £3uidnh&ot §BrHWgbetvren them aBdniara PRERLS0OPeRLBERI%0r Hhen
backf | ow devel gps, the spring 138 wll ve,t he osure, into,_engagenent
with sefd suﬁPEé@SlﬂéatGSCFH§8°F%Sdf Bwtpestigs A§§iﬁ§?eB%%k$F%wﬁpﬁfr end
course, back, pressure from.the tubhin [2SSeS o e LRt o
inti mate conP%@F i ﬁsééﬁftsﬁﬁFai8wﬁgog§§ Sgaﬁggggnggi?% ?$$$H§ép%§§b% eeve
92, but the NS 41 ngli.qr e u € .
However , wheﬁaéﬁghﬁggﬁpté ggo?hghféagg% %?gégﬁrgarégghggogg f c?%ﬁ%ogalueL

the pins 114 mndhar 1hlaswehbig)ear paad1hpPrasspskeavenda gultabtef trans-from
its closed position seen in Figure 1-Cto its open
verse aperture in the guide rod 130 has its outer ends engaged
10 in one of a pair of opposed longitudinally extending slots 141
in the closuxe member to retain the closure member on the_
guide but otherwise serves no function after the device has

. been assembled.

Fluid; passing downwardly through the bypass sleeve 92
15- will move the closure member 122 downwardly against the
compressiqn of sprida 138 and perﬁit such £luids to paés
around thé closure member 122 énd spring 138; pass between the
~ fins 132 and exit the'device.through outlet openings 39 to
flow into the interior of the tubing. When such dowhward flow
20 ceases, Or when backflow devélops, the spring 138 will move
the ¢losure into eﬁgagement'with seat surface 120 to'close the
£low paséége.against backflow.
of course,'back'pressure from the tubing preéses the
closure member 122 into intimaﬁe contact with seat surface 120
25 and tends to lift bypass sleeve 92, but the shear pins 114
| and/or 115 prevent such sleeve movement. However, when the
magnitude of this back-pressure reaches sufficient value,'the
pins 114 and/or 115 will shear and bypass sleeve 92 will be

forced from its closed position seen_in Figure 1-C to its open




22 position seen in Figure 4. This back pressure acts acr.oss the area
teal ed by o-ring 97a, that is, across the entire cross-sectional area of ~ .
;J?% he bypass sl eeve 92, since the bore 102 thereof is plugged by the 5 ,
| osure nenber 122. It will be noticed that when the bypass sleeve 92 noves
fromits closed position (Figure 1-C) to its open position (Figure 4), the
smal |---0-ring 96 near the upper-end thereof noves out of bore 87 in the
bypass 10 sub, noves across annul ar recess 88 and sealingly engaggrr)-
“blind bore 89 in the val ve seat nenber-46. Fluids, then, can no |onger ow
t hrough the. of fset passages 58 andggpto and through t he bypass sl eeve 92
"because flow is blocked by o-rings”96 and 97 which 15 seal . above and

beIOM/the rec a | yj,d ass n annot enter
Phe ubpor enqPopittonsddeh! 4hip1bhow Aaooanes Bchndresdaes egannot o

device is CIOserQEOEﬁeoaruasséaﬁaaoaytBE:bu?assapasﬁaaeiswhseréss bypass
~passages are opened Addi tional ly, uids entering the device

t hrough inl et ther eat42ecepose-besgtonhlf areal g€ bhél bgPaséf siéaveeat since
t he open bypass ports 84 and 110 path of lesser resistance to flow . The
bypass sl eeve982 wihcer hai hore 103 theneof is Plpggedlbﬂ themn in Figure

4. The pressure of fluids
- closure member 122.

It will be noticed that when the bypaés‘sieeve 92
| moées from its closed position (Figure 1-C) to its
open position (Figure 4), the small o~ring'96 near the
-upper+end thereof moves out of bore 87 in the'bypaés
10 | sub, moves across annular recess 88 and sealingly
engages blind bore_89 in the valve seat'member 46.
Flﬁids,.then, can'no'longer flow through the offset
passages 58 and into and'through'the bypass sleeve 92
because flow is blocked by o-rings 96 and 97 which
15 seal above and below thé recess 88, and fluids from
passages 58 and recess 88 cannot entef the upper end
of the bypass sleeve. :Thus,,the main passage through"
the dévice is closed above or upstream of the bypass
- passages when the bypass passages are 6pened; |
20 Additionaliy,.fluids entering the device through inlet
ports 42 can no longer lift valve-bali 60 6ff its seat
since the open bypass ports 84 and 110 ?ath of lesser
| resistance to flow.
The bypass sleeve 92 will remain.in its opép

25 . position shown in Figure 4. The pressure of fluids



entering bypass porits 84 acts equal ly against equally size o-rings 97 and
97a and, thus, ‘the forces resulting therefromare equal and opposite and
have_no tendency to nove the bypass sleeve fromits open 5 posi tion.
Al'so, the pressure in chanbers 56 and recess 98 are sufficiently greater
than the pressure in bore 102 of the bypass sleeve and, therefore, will not
be effective to nove the bypass sleeve fromits open 10 - posi ti on.
Thus, when the bypass sleeve is open, fluids may flow freely from exterior
of bhe/tublng to the interior thereof thrgugh the aligned bypass ports 84
and 110, flow downwardly through the bypa sl eeve 92, 15 depress the
check val ve closure nember 122, flow between the fins 132 and exit the
devi ce through the oemteringdhyPrREs TPrehdf Rt LIMALEY AIVRSY |eapally

conditions obtain, the check, val ve cl osu nenper nerel seats a alnst t he
| ower end of the byp%%%ezﬁ"ingss %évgfdgf &y éﬁﬁwﬁ%ﬁﬁ

backflow. Hi gh rates_of,fIlow gan t ke m

bypass i s open. mrlﬁﬁsg %hn?né’herr% ‘%vﬂfuag{hck@ ve \341 e ho
menber 122 may be degér%?ﬁ% l‘:%éyo@é @ﬁ%gbhpas:s %’f@evee grgbm its open Upvvard

novenent of the bypasS s
5 pos1t10n.

Also, the pressure in chambers 56 and recess 98

are sufficiently greater than the pressure in bore 102
of-the bypass sleeve and, therefore,-willlnot be |
effeq}ive to move the bypass sleeve from its open

10 position; | |

| Thus, when the bypass sleeve is open, fluids may
flow freely from exterlor of the tublng to the
1nter1or thereof through the allgned bypass ports 84
and 110, flow downwardly through the bypass sleeve 92,

15 depress the check valve closure.member 122, flow “

| between the fins 132 and exit the device through the
.outlet openings 39. Should flow cease or backflow
conditions obtain, the check valve closure member
merely seats against the lower end of the bypass

20 sleeve 92 (Figure 4) to prevent any backflow. High
rates of flow can take place through the device when
the bypass is open. During suqh high rates of flow,
the check valve closure member 122 may be depressed
fully as seen in Figure.G;

25 Upward movement of the bypass sleeve 92 is



|n1ted by engagenent of its external upwardly facing shoulder 95 with the
nternal downwardly facing shoul der 86a in the bypass sub as seen in Figure
S In use, the device 10 including a suitable 5 anchorung devi ce swth
s/as |latch device 11 and flow control device 12 is lowered into a well on a
runni ng. tool attached to a suitable tool string adapted for wireline or
punpdown operations and is installed in a suitable receptacle such as a

si de pocket mandrel 10 which fornms a part of the well tubing. Q\J
device is positioned in such receptacle so that its inlet ports 42 and
bypass ports 84 conmunicate with t regi on exterior of the tubing and so
that the outlet openings 39 commmicate wth the tubing interior. Treating
15 flui ds ,sych .as corrosion inhibi,tor,

or Eer quig Eenlcal S
Funpedbdﬁwn t HdMitied HhGPﬁéggHF§ tqQL: h&S: gKt ﬁéné uppprdlyn aﬁrégsure to
Igafeprgbablysgg de S%%tgéga t&%eghkﬁgh ?egg é@?@f?%ﬁﬁgﬁ YﬁeVSUg?ng is
sufficiently Qh%%1d§Q98%%.!ﬁde%'b3§? tQuEa§§ %LahleVbQQuEQ'i pressure

falls bel ow t he predeterm ne e valve w 0se to prevent
passage of fluids. I\Qhﬁ@eltthace@asc@eanrahbquaenbl bl shheawbl or otherw se
inject fluid into the tublng at a nuch higher rate of flow, the tubing is
first 5wessure@cmbruagsueb1eétenbhtbct1ehca ﬂeeaeurelaahanglew the check
val ve and bypass sl eeve will

control device 12 is lowered 1nto a well on a runnlng

'tool_attached to a suitable tool string adapted for-
wireline or pumpdown opefations'ahd is ihstalled in a
sultable receptacle such as a side pocket mandrel
10 ‘which forms a part of the well tubzng. The device is
| positioned in shcﬁ tecebtacie se that its inlet ports
42 and bypass ports 84 communicate with the region
exterior of the'tﬁbing and eo thaﬁ the otﬁlet openings
39 communicate with the tubing ineerior; Treating
15 fluids such as corrosion inhibitor, or other fluid
' chemical,'is'pumped down the ﬁell annuius outside the

tubing at sufficient pressufe to force ball 60 off



10 shear the shear pins and nove the sleeve to a position opening the
bypass, after which fluid may then be |nJected into the tubing through the
deykce at the much hi.gher rate. The device is retrievable using a tool
traln as before but equipped with a pulling tool which will engage the

pul ling flange 18 of 15 | atch 11, after@®hich an upward force applied

thereby wll release Iug 15 for rotatlon to unl ocking position. A nodified
formof the i ﬂ't éﬂ& Ve d HUERS thrBugh- Bhénfabvel At heseow,
flguees t he eV|ce I's invention is indicated generally by the nuneral

200. Like t'hepftﬁyam lv?e 26w, Faeeleswhed theopgesGuret extemiozesofa the ch
11, which may be exactly 1ike the latch 11 of t he previ ous enbodi nent, or

any suitabl e sulixid t ise sulf€ieienthy highh tthe dealve wddld dpemattachadsto a
wel | tubing string so that it.-could control the injection of fluids into
the tubing stfluwigd{roWhehe thitserpresare fadlsotbelont t the cRredetREMLBRE,
end of latch 11 is a nodified formof flow control device 21 | ¢ch serves
t he same0pur ke asthpsakvge Wdd (S@-off 5% PrEYELt BagsagRe© p%ﬁ:}"'gﬁrt i on

f the d
Cont 1ol 11 ng. i n) 6cORSR ohE Chestay cdenbiuste €5 ETLTHIE) 1 R CBApEutte
paraffin sol venig toflﬁgzﬂfh g@ £hd ¥S£¥né0¥¥tr§t ﬁaﬁﬁﬁf hf:.gﬂ}é(r rlit&% G Ao

|nterned|ate ?% vi'ce provideS a“high capdcity bypass passage

whi ch is initd Ll | ¥ublRg e sD) iFRAN P (PVES! SusheRxdent ehalto @IS

open posi tion |nJe tron of well treating or kill fluids
pressure acting on the check valve and bypass sleeve will

iO .shear the shear pins and move the sleeve to a position opening
the bypass, after which fluid may then be.injected into the
tubihé through the device at the much higher rate. The deﬁice
is.retrievable using a tool train as before but equipped with
.a pulling tool which will engage the pulling flange 18 of -
15 latch 11, after which an upward force applied thereby will
| releaee lug 15 for rotation to unloeking positibn.

A modified form of the ihvention is shown in Figures 7-A,
7-B,'and 8.- In these figures, the device of this invention is
indicated geherally by the numeral 200. Like the device 12 of

20 Figures 1-A through 6, it comprises a latch 11, which may be
exactly like the latch 11 of the preVious embodiment, or any
suitable substitute therefor by which the device could be
attached to-a Qell tubing strihg so that it ceuld control the
'injectionlof fluids-into'the tubing string from the exterior

25 thereof. Attached to the lower end of latch 11 is a modified
form of flow control device 212 which eerves the same purposes
as does.the device.12 just.descrihed. The upper_portioh of
the device constitutes a chemical inﬁection valve which is

capable of controlling injection "of chemicals such as




the tubing string at high rates of flowas for killing the well, or
" o6l | i ke purpose. The | ower portion of device 212 contains a ¢heck val ve
.; preventi ng backfl ow t hrough the device. 10 The flow contro
vice 212 has a housing made up of several sections. The uppernost

section of the housing is a packing mandrel 213 which is threadedly
attached at its upper end to the dwer threaded end 214 of the latch 11.
packi ng set 215 which may be exactly |like the packing set 80 on the 15
first QEdgiRm :.'n‘hlmitfdﬁ!ﬁd s i edlveitag BndRl 1aieeat are var Y
faci ng shoul der thereon the I ower end of the latch as shown. e | owe
end of lidwe mande raf NElol el WS dentidy anarleth termdd 2ite ipdrtidie afpee end of
t he bell ows housing 218, and:the | ower end of the bellows housing 218 is

t hr eadeevige a:sowidesoaorhxgh heapapityt hypassd pasisage t Wbibhpakss sub 222
which is in turn .threaded as at 224 into the upper threaded end of the
check vidrivd aldiys igi@sess by W%W&l@hd%ﬂnqwlﬁé&@wai%%émgi&% i s

aded as at 228 to_the, npse piece_230,_which ma tl e a nose
bi B RPN SO IR PR ORPLL EraRtiaYo Ofohiddy £18a

in 'e?“ﬁ °”S%e?1 eihipg natreie REHLbR FheaBote Hpw, AR A e’@ﬁ%?ﬁ{ ity

A

r

of outI ssa ' d | ater,
IS provi eﬁglhr ou2gif13 t%éb\ gﬁ\kll cébeébgﬁdl ngﬁ r@%glgﬁwérﬁ%t%np&ftjs 23’1'4 to the

0Ut|et2@¥*&%ﬂ¥ﬂins UD@MEh&dv%ﬁb%efor preventlng backflow through the
dev;ce.

10 | The flow control device 212 hes_e housing made up of
eeveral sectlons.. The uppermost section of the ﬁousing is a
packing mandrel 213 which is threadedly attached at its upper
end to the lower threaded end 214:of the latch 11. A packing
set 215 which mey be exactly iike the packing set 80 on the

15 first embodiment is confined about the packing mandrel between
an upwardly fac1ng shoulder thereon and the lower end of the
latch as shown. The lower end of the packlng mandrel 213 is
threeded as at 217 1nto-the upper end of the bellows hou51ng
218, and the lower end of the bellows housing'218 is threaded

20 ae at 220 onto the upper threaded end'Of.the bypass sub 222
which is in turn threaded as at 224 into the upper threaded
end of the check valve housing 226. The lower end of the
check Qalve housing 226 is.threaded as.at 228 to the nose
piece 230, which ﬁay be exectly like a nose pieoe 36 of the

25  previous embodiment. | -

It w111 be. notlced that the bellows houSLng 218 1s
prov1ded w1th at least one, but preferably more, inlet ports
234, and that the nose piece 230 ;s-prov;ded with a plurallty

of outlet ports 236. A main flow paseage which will:be



seat neans 238 havipng a central passage 239 therethrough is provided with a
hardened seat insert 240 having a seat surface 05 241 formed thereon
sugrundi ng the passdge 239 which is engageable with the val ve cl osure 242
carried on the | ower end of valve nenber 244 attached to the |ower end of
bel | ows 246 whose upper end is. attached at 248 to the extrenme | ower end
of the packing“sub 213. Wthin and above the bellows 246 is a 10 chanber

whi“ch d 11, |
conrtt on | SAEEFEhA 148 P P%l% UL B R phBh, el
be filled witga Hﬂféﬂepé’rtﬂa%@t £§UPREALARIBECHbELEM 236U Cu3A1 ERl Whgve

force of this 15 gas wWithin the bellows tending to extend it will apply a
bi as t her et 0, sé£¥Uhégné 0289 VRatvifigVal tentrailUipasdhde H3D ailgRGRIFIugM tik
the seat surface 241 of the seat 238. Also, iT desired, a coil spring 252

may be pl acecomovided twicthe earizardedvil aeathdnsernitt 2400t havipgr acsdabeancfigce
agalnst an adj usting screw 20 - 254 and its lower end bearing downwardly
agai nst 9he sl nfoyuede thegesm csnixounding ntBeppassageby2 39 r wiighs ishi ch
extends upwardly fromthe valve closure 244. The spring 252 will thus act

to extend th@mﬁﬁ&leamt&bmlgﬁ VRVE G1oSHERn wd2d CBTrEdeEeRBi et doWBTeehfe
val ve closur & 240 R SLE, 200 adEhIReR®E) Gt 1aRihsh TE B EC0E 078
TSI S e 40 SRR 500 o e, 1
can be used vig¢ hgid ﬁa@cﬂﬁﬁ Wrﬂ%-. Oithin and above the bellows 246 is a
10 chamber 248 which is closed at its upper end by the lower end
of the latch. 11. This connection is sealed by the seal ring
250. | |
If deSLred, the chamber 248 may be fllled with a charge
of gas at superatmospherlc pressure so that the force of this
15 gas within the bellows tending to extend it will apply a_blas
theretp} tending to move the valve elosure 242 into_engagement
with the_seat'surface 241 of the seat 238. Also, if desired,
a coii spring 252 may be placed within the chamber 248 as
shown with its upper end bearing against an adjusting screw
20 254 and its lower end bearlng downwardly against the spring
guide 256 which is in turn supported by a rod 258 which
extends upwardly from the valve closure 244, The spring 252
uill thus act to'extend the bellows and apply_thereto a
downwara bias tending to move the.valve closure 242 toward the
25 valve'seat 241}-.Sh6uld a charge of.gas be present in the
chamber, then the force of the gas and the force of the-spring
uill be additive, the two combining to appiy a downward force
tending to extend the-bellows and elose the.valve; If

"desired, the spring can be used without the_gas charge. On




3

he ot her hand, if desired, the gas charge can be used mnthout t he spring.
woul d usually be deS|rabIe to sue both. It will be noted that the o
justing screw 254 is screwed into the thread at the upper end of the =,
packi ng sub 213 and 05 that this thread is sufficiently lohg to permt. a_
i de range of adjustnents so that the valve can be adjusted to respond to a
wi de range of predeterm ned pressupgs. Also, it will be noted that while
the spring and/or gas pressure within the bell ows chanber 248 applies |
bias t h I t endi 0 I I e Sk fl
enter|%&gtﬁgggkvﬁggdth?gug% P%ea an% gggtéﬁggﬁaség?ohﬁdggéﬁ égeﬁ?gés and

acts oRjpel § %&h@r'OitsHbﬁ@ﬁeu%ﬁﬁil?gbeodégﬂﬁasié toesfie! bewa,and t hereby
create a force tending to open the'valve. At the sale tinme, when the valve

is closed, presdllebd hbited Rharatheoadiustiddd sdfrewhasualiee sariwed3s al so
acts against that portion of the valve closure 242 which is exposed to :
pressuﬁa&d|theutﬁnaadiﬁi)tﬁetugpenIendSeﬂttBéSpaekdhggsubIZH& andk val ve
off seat. Wien the pressure of fluids entering through inlet 234 20

r &dc he $hadf m%mhnmuztmc@:fﬁmemhmwm |40 [Rexwipraswide anangde val ve
will lifted off the seat. Siml n such pressure decreases to a

pr edet &EnPASYSIEBRAFE| &6, that §BF| §1XﬁdF3P PRargduBEedstPrRPPARA Efe

bell ows wi.l] be suffi

wth tRe Wide, dfaid (4F ' PRbapBerRY et BreBnutas. adilss 20 B e
(R SL W R A i A R L

bypass™s I's provide _
bellows chamber 248 applies a bias to the bellows tending to .

10 close the valve, the pressure'of fluids entering the device
through'theilnlet ports 234 surrounds the'bellows'and acts on
its exterior surface tehding to compress the bellows and
thereby create a force tending to open the valve. 'At.the same
tlme, when the valve is closed, pressure w1th1n the passage

15 239 of the valve seat 238 also acts against that portion of
the valve closure 242 which is exposed to pressures_in the
bore 239 of the valve seat 238 tending to lift the valve off
seat. | . -

| When the pressure of fluids enterlng through inlet 234

20 reaches sufflclent magnltude, the bellows will be compressed .
and the valve will lifted off the seat. Similarly, when such
pressure decreases to a predetermined low'value, the sprlhg
and/or charge pressure within the bellows will be sufficient
to move the valve closure 242.into engagement with the valve

- 25 seat to close the valve._' |
| The passage 239 through the valve seat may preferably be
qulte small for very small rates of flow.
The bypass sub 222 is provided w1th ahplurality of

lateral ports 262, and these ports are located between the



®
| ateral ports 262, ,and these ports are | ocated between the | ower end of
t he bel |l ows housing and the upper -end of the | ower packing section 215a,
whj gy packi ng section may be exactly |ike the packing section 215
previ.ously descri-bed. Thi's packing section is confined between a downwardly
facing 05 shoul der on the packing sub qcated i medi atel y bel ow t he
Iateral ports 262 and the upper end of the check val ve housing 226. These

| at port g,%%e'é};& Hff bgﬁgsge féwgrﬂshgﬁngf msaasaxeow &R@MbENRRe

ext r of Vi ce n erior there It wll be noticed that the

bore 266 of tlagehynaaacikly seePibs 215" i PACK LRG| BacHibh way hss e
239 of the valve seat éyﬁts upper end, ‘and t hat théﬁ%%re 266 i's in direct

connunlcatioagaeﬂuysﬂinﬁﬂtmmdpubkhngheebuienZDasrpréuiauzm% desoribed.
housi ng. Thus, it is clear that a passage is provided between the inlet
ports 234 andhifse packisly EEdticdlds aahfingd letwdenialsdemwardiy t frcing
bel | ows housing 218 through the inlet ports 234 may pass through_the val ve-

seat opdrfi ng stenlderoth the pafkinge syb tmafﬁﬁﬂasbm%%ﬁblaa?ﬁilifh Loy the
bore 270 of the check val ve housing to arrive at the out por
t hrough whi cHa8ER 1 POEES R8¢ é?ﬁtgpﬁtBPPﬁE Fﬁg g the © h&x Y % eé@%%%ﬁng
Dol ve 575 whiddk O S%Z%’s% EREES g8 en i W e e oPEByRasTarc ¢
oo SEPeRh SR R SoCOEBRE oot AU g0 Lo s
0-ring 275 i sHaldded %Wl@iyb@%ﬁ&%e@ PBfats U BoXe 266 of the bypass
10 sub is in direct communication with the_bore 239 ‘of the valve
seat at its «pper end, and that the bore 266 is in direct
.communication at its lower end with the bore 270 in the check'
valve housing. Thus, it is clear that a passage is prov1ded
'between the 1nlet ports 234 and the outlet ports 236, and that
15 fluids entering the bellows housing 218 through the inlet
| ports 234 may pass through the valve seat opening 239 through
the bore 266'of the bypass sub-and through the bore 270 of the
check valve housing to arrive at the outlet ports 236, through
which such fluids may exit into the tubing. |
20 o - The bypass ports 262 of the hypass sub 222 are normally
closed by means such as sleeve valve 272 which is 1n1t1ally
disposed as shown with an 1mperforate portion thereof OppOSlte
the bypass ports 262 and has a pair of o-rings 273 and 274
'seallng above and below the bypass ports 262, respectlvely.
25 ,Another o-ring 275 is carrled on the sleeve valve as shown for
a purpose soon to be made known. The o-rlngs 273, 274, and
275 may be identical. Between the_o-rings 274 and 275 the
bypass sleeve is provided with a plurality ofllateral.ports

276 which can be placed in register with the bypass ports 262

¥



pur pose soon to be made known. The o-rings 273, 274, and 275 may be.
entical. Between the o-rings 274 and 275 the bypass sl eeve is provided
ith a plurality of lateral ports 276 which can be placed in register wiwf,
he bypass ports 262 of the bypass sub by noving the bypass sl eeve
upwardly in a manner soon to be described. The bypass sleeve is initially
-placed in the position as shown |n5g;gure 7-B, and its downward novenent is

l'imted by engagenent of |ts | ower "end 05 with the upwardly facing ﬁ;J

[

shoul d%'ifb%h% fﬁ%ng oy %aﬁwuéﬁa%féés&hglse%s masaigngneraent

limted by a s carried 1 n:-extéernal annular”reces 82 torned in
the sl aavifedS sPddVto b ASIARLEEA iThé NbLPL8s | ¥166veNPs0shNBESL YySO that
it will engage the recess 282 in the check val ve 10 housi ng but, due to
the sl ppaegdsuird atke 2pbsditiohs agppshoend.in tFigurel Fasablandvhbssa :
sufficient upward force is applied to the sleeve as - in a manner which is to
be desdowbwdrdTmoviemends isl ceimi ted by aghgagement afpdtspdomweirorenger ein
its upper end engages the | ower side of the val ve seat 238 and 15 wherein

i (05 | apdithy tmﬁt%pwedlas'e rRipggishouldgn R ihelBy fies Paks valve |n this
tion, th 280 ded inh t twardly int

Bﬂzgg;ﬁeﬁﬁ B 14t e &%essstszgépééﬁé‘?n%vgh%aﬁé‘i%hﬁ BheSio% 2 62om end of

the -S“ ”}%oa%%gyl%d Q@ ?:t%@%%' dgppﬁg h%e%%tsto%%f ﬁto*}%e@ﬁgﬁs e8> coact -

to Ioc pass “Sl eev nlng posit cannot

t her ealh gbyRe akCLHLRAY t @hbt §ﬁagnr &ﬁﬁpign@nﬂa&ah@p sp}!\bﬁg LeewbyRRyS

sleeve Is in its open positi
S0 that it will engage the recess. 283 1n the check valve

=)

10 hou51ng but, due to the sloplng surface 284 at its upper end,
it is releasable when a suff1c1ent upward force is applled to
the sleeve as in a manner which is to be descrlbed The |
bypass sleeve is movable to its upper position wherein its
upper end engages the lower side of the valve seat 238 and

15 wherein its lateral ports 276 ere in registry with the bypass
ports.262. In,this.position, the shap ring 280 is expanded
inherently outwardly into engagement with the recess 285 ehd
the square shoulder at the bottom end of the snap ring and the
square shoulder at the bottom of the recess 285 coact to lock

20 the bypass sleeve in_pori-opening position so that it cannot
thereafter be returned to its port-closing position. ﬁhen.the
bypass sleeve is J.n its open pos:.tlon w:.th its ports
reglstered w1th the bypass ports of the hou51ng, flulds may be
1n3ected from the exterior of the device into the tubing

through the bypass pessages and into bore 277 of the bypass

8]
(5}

sleeve at considerably high rates.
| The lower end of'the bypass sleeve 272 is provided with a
check valve seat surface 287 surroundlng bore 277 Whlch is

engageable by check valve closure member 288 which is



® . .
regi stered with the.bypass ports of the housing, fluids may be injected
fromthe exterior of the device into the tubing 25 t hrough t he bypass
passages and into bore 277 of the bypass sl eeve at considerably high rates.
The ‘| ower end of the bypass sleeve 272 is provided with a check val ve seat -
surface 287 surroundi ng bore 277 which iﬁh@ngageable by check val ve cl osure
menber 288 whieh is t el escopi ngly mourit'ed over a guide 289 having fins

\Zlgfsgl%r eon V@éf&éogﬁsihﬂagrugr%%r{#e%ro\%%l aa‘r’]f uﬁ.ﬁ% .’i%%eﬁgggﬁgi ?gggeaé\?;‘%ﬁ%‘eon

i n 292 passe he "gui as its en

el ongat ed s Qi AP dX Bifl L8k L FFoSHEEKL VEE VEndonosé | pEEEE 236, aSaSEPRASLO

limt the nmovenent of the check valve relative to the guide during assenbly
and until therdiasd C\SiﬂilaQShe%s%‘é‘?senﬁﬁﬁﬁa HftHeSghgde arfdrhdg s4eh eids
spring 294 may be placed around the guié% and beneath the check valve .

cl osure nenbalispodditin helopgatgd slotssPHIorfacrnery ihethenshaehk vilve:

wi |l bias the check val ve cl osure nenber 288 upwardly -toward engagenent
with t hed0Theddosine Btas ghiowse tBAimit Hhe awsement of ttihe Iohesks valve
sleeve. The length of the slots 293 in the check valve closure nmenber is
sufficient td& V& thatthen gudkec duringe agsembdigage vREiLhERR davieeshas
surface even when 15 t.he. by s, sleeve is injts upper_ positjon;. t
shown, 11 or RESR GRRRIIPIHR byt AR St rg i (FREHIE FUGM (3] SREVAE 294 Rey

Do o E S0 S TAE G RLAT b UE A KARLE, FARRH 810805
to cause tmaﬁ%ﬁﬂéfi533éﬁgi the spring, thus supported by the fins 290,
10 will bias the check valve closure.member 288 upwardly toward
engagement with the check valve seat surface 287 on the lower
.end of the bypass sleeﬁe. The length of the sldts 293 in the
check valve ciosure member isrsufficient to assure that the
check valve will engage the check valve seat surface éveh when
15 the bypass sleeve is in its uppef position, not shown._

In order to open thé bypass through the flow control
deVice, the pressure in the iubing is ingreaSed to press tbe
check valve closure 288 upwardly against the lower end of the
bypass sleeve with sufficient force to cause_the snap.ring 280

20  to be moved ftomlloﬁér fgceés 283 to'uppef recess 285 to
position the-bypass sleeve with its latefai ports 276 in
'registef with the bypass.ports 262, Aftér the byp;ss sleeve
has been moved to its oﬁen position, fluids'may be injectgd
from the exterior of the device into the tubing and past the

25 check valve as desired, After the bypass sleeve has'been
shifted to open position, iﬁ will remain there, the.snaﬁ-ring
being engaged in recess 285.preVenting iﬁ_from returning to

closed position.
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to be noved from | ower recess 283 to upper recess 285, to position the
ypass sleeve with its lateral ports 276 in register with the bypass ports
62. After the bypass sl eeve has been noved to its open.position,. fluids,
may be injected fromthe exterior of the device into the tubing and past
t'he 25 check valve as desired. AfM4gr the bypass sleeve has been shifted
to open . position, it will remain there, the snap ring being engaged in
recess 285 preventing it fromreturning to closed position. 32 Thus,

has been Shigis! gk, itk MARuiraat W dlesi ol ke [BefhAbyRRE (D Yt

removabl e frrom & we using. a nmool string lowered into the well

sui t ablegiwal hskmﬁ%amasiensnoanauMwabnat oo &Mwéllhesdeyi &ewbil
control injection of 05 fluids into the well tubing at a |low rate of flow
when t Beérfphgsiowered iheofthedweXLebyah stitabléubebl~ksowh wifélinent- |y
hi gh value; that when it i's desired to inject fluids such as water or other
kil fbui gempdownt metholi; nghat &hnudhvnpghynlﬂ.atc@nttrné ioljecgipneofure is

i ncreased above the pressure 10 . exterior thereof by a predeterm ned
aﬂﬁuntfﬂﬁléseﬁnﬂﬁeqﬂﬂxﬂﬁi %%h&&g ?FtﬂeleﬂvF@éet@ﬁxﬁkﬁW yhRn i Hpection of
fluids into the tu nmuch her. te to, for instan aidin

(i 11| nETEREUHE) P% £ha =il EREPerafoct: bhe rmiaﬁdlmﬁ PRELBFEERE oi ¢ her
open oL _C d W G0 dt 5, e [ erse

T et itn PRRRO AR, SO et B 4 (AL Sy £l 208
OpenedastQstérowrpatﬁégekill f£luids into the tubing at a much higher |

rate, the tubing pressure is increased above the pressure
:10 exterior thereof by a predetermined amount to open the bypass
passage in the deVice to permit the in]ection of fluids into
the tubing at a much higher rate to, for instance, aid in
killing the well; that at either injection rate and w1th the
bypass either open or closed, flow cannot be had through the _
15 device in a reverse direction (from tubing to casing); and
that when the hypass passage is openeo, the flow paSsage
through the vaiue.is automatically closed upstream thereof;
Further, it has been_shown that a second form.of the
invention has been prouided that serves the same'purposes as
20 does the previous_embodiment;.that fluids such as chemicals
may be injected_at'very low rates through the upper portion of
the valve which is controlled by the beliows and/or spring;
and that when necessary the bypass through the valve maj be
opened to provide for injection of fluids such.as kill fluids
25 at a much, much higher rate. | |
Thus, it has been shown that the dev1ce of this 1nvention
fulfills all of the objects set forth in the beginning of this
applicationhand it is understood that changes in the shape, -

sizes, and arrangement'of parts may be had by those skilled in



th}ough the valve i,s automatically closed upstreamthereof. Further, it hasf

been shown that a second formof the invention has been provided that

sef xes the same purpobses as 20 does the previous enbodi nent; that fluids
such as chem cals nmay be injected at very 3dw rates through the upper
portion of the valve which is controlled hy the bellows and/or spring; and
t hat when necessary the bypass through the valve may be opened to provide
for injectioRuy ddi@iSeiited &é%éﬂ:iin&' préf 2he t2hea gpi¥it BE heHighos-
rat e&~Thus, it has been shown that the device of this invention fulfills
all of the okjepdionset forth in the beginning of this application and it is
under stood that changes in the shape, sizes, and arrangenent of parts may -
be had by those skilled in 33 the art without departing fromthe true
spirit of this in- wention. 05 10 15 20 25 34 CLAI M5
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A device for controlling fl ow bet ween the rEFEFTBF_aﬁa“TﬁE‘EXterlor

wel | flow conductor, conprising: a housing conn Hm
nductor and havi ng inlet 05 means and outl et lﬂ"ﬂ'
assage connecting said inlet nmeans with said outlet ‘re&ns® afn

Iow o
| ow .
ar valve

seat neans in said housing prOV|d|ng3@ seat surface surrounding said nain
fl ow passage; valve neans-including a valve tip engageable with said seat
surface for controlling flow through said seat; 10 a bypass passage

communi cating the exterior of sahgégggslng with said rmin fIOM/passagekar/a
| ocati on between said outlet nea aid annular vaIve seat; neans
initially chosing saidoRyRTs RS iyl DRINGIBIED ceie PRED, pgsi tion.
when the pressure at said outlet neans ceeds e pressure at sard 15

inlet BRANSHY éxbéLLsf eprl 'E%@I‘PUElowa%n\i%b\térﬁe%%ﬁT 104 neans,

I ncludi ng: neans for biasing said valve tip towards a p05|t|on

of

engageneakingt konted taddle Ho fsaird Ahowpeesductor eapanhavengednd eftor

bi asing said valve tip away from said seat surface when the pressure
edber i meank anddohtilietnge@fils andashmain Plewepassagedcomheetilg sailde
device of claim1l, wherein said bypass passage includes port neans in the
wal | oﬁnéatdmﬁéa§|H@t@n@aﬁﬂ(Pqﬁiﬁﬁ;WQﬁnSknénQHl@rCY%%V%gS%ﬁtdmﬁvwass
passage is a_s|eeve valve in,said housing and novabl e bet ween Eort.closing

and polp- §péfli RguUS3ng BESViAdRg. aBSeatTﬁErﬁéﬁ?céuBFmé’P%?-W osa}

PR ng:

S R TR SR R R,

with said seat surface for controlling flow thrqugh_said

seat;

10 a bypass passage commnnicating the exterior of said housing

15

20

<5

with said main flow passage at a location between said outlet

means and said annular valve seat; means initially closing

said bypass passage' and being movable to open position when

the pressure at said outlet means exceeds the pressure at said

inlet means by a predetermined amount; and valve means opera-
tor means, including: means for biasing said valve tip towards
a position of engagément with said seat.surface, and pressure
responsive means for biasing said valve tip away from said.
seat surface when the pressure extérior of said_housing
reaches a predetermined value.

2. The device of claim 1, wherein said bypass passage
includes port means'in.the wall of said housing and said means
for initiallj closing said bypass passage is a sleeve valve in
said housing and movable between port-closing and port-bpening
posiﬁions. |

3. The device of claim 2, including: seal means for
sealing between said_housing_and said sleeve valve to preﬁent

flow of fluids through said bypass passage.



35" 4. The device of claim3, wherein said seal means includes resilient

seal rings seal-ing on |ongitudinally opposite sides rt R
neans, and the areas seal ed thereby are not equal. OEmllmmlﬂlmmmmanew ce '
of"claim4, wherein the difference betwee3% he unequdl &rehs %eal ed by said

resirient seal rings is responsive to high pressure in said flow passage
for noving sai'd sl eeve valve to port-opening position. 6. The devi ce of

claimb5, including, relgasaideideass tQlainh@ diwhesain. shddvesesl veeamsits
i ni t\ea# port-cl osing position and rel easable to permt novenent of said

sl eeve val ve itr@ lIndes opesibiepdsidealn nings prsesling i onsdichaiiuddnadiyeeds:
the pressure exterior of said housing by a predeterm ned anount. 7. The -
devi ce of cl aippdsitsheridies s daigkilypass fants means @agh thee agegisygealed

carried in suitable external .annular recesses formed in portions of said

sl eeve val ve thenehy areqhet ¢I¥d- ters, and sai d rel easabl e neans

conprises_at |east’ h ' het | d sl A ' '
hous ng,&zgi d shodt pi H50; SEVHTRcP0, dErtihndn (IR LS PE (91 Ea8Es M8,  ng

exceeds .t he. pressur i f i ' Qo -
rel ease sai d 8 é'e%é' %g‘lrje Eg‘\e/eglr“g\]{ %Trrretca)\me|roso?‘tl-e gy Cl?gl %ﬁ;&g&%&s’r{‘tﬁ. %%é‘ﬁi%%'lt ¥idgs

position. 8. . j 3 ;o el g: kd e i
is (g%?QiV% Yo ?hghag%FsWQEE iR sadldr3bR ggsgébéefaﬁsméilng

| east one | at'era pening in thereof alignable with said
bypass port rRans sYeive aiadve eV pord-vpeningnppstitieaeni ng position; and

said o-rings carried on said sleeve valve includes a pair of o-rings for
seal ing on |ongitwgl nalthe device of claim 5, including: releasable means
10 holding said sleeve valve in its initial port-closing position'
and releasah}e to permit moveﬁent of said sleeve valve to
port-openingjposition when pressure in said outlet exceeds the
pressure exterior of said housing by a predetermined amount.
7. Thg device of claim 6, whefein said resilient seals
15 comérise o-rings carried ih suitable_external annular recesses
.formed in portions of said sleeve valve having unequal diame-
ters, ahd said releasable means comprises at least one shear
pin engaged between said sleeve valﬁe and said housing, said
shear pin being fracturable when the pressure in said housing
20 e#ceeds the pressure exterior thereof by a predetermined
amouﬁt to release said sleeve for movement from port-closing
~ to port;opening position. | _
8. The device Qflclaim 7, wherein: said sleeve valve
- has ét least one lateral opening in £he wall thereof alignable
25 with said bypass port meanslwhen said sleeve valve is in
port-oﬁening positién; and_said ofrings carried on said sleeve
- valve includés a pair of Q?rings for sealing on longitudinally '
opposite sides of said bypass porﬁ means, said pair of o—riﬁéé

being of equal size.



osite sides of said hypass port neans, said pair of o-rings being of
yual size. 36 9. The device of claim8, including: neans’ on said .
Oysi ngmmm“l “ Hgltal ve means engageable to close said main flow o,
paAssage | #8EE J ve said bypass port neans when sai d sl eeve val ve
means is in port-opening position. Opg 10. The device of claim?9,

i ncl udi ng: check val ve seat neans in said housing providing a check valve
seat surface surrounding said main fl ow passage; and check val ve neans.in

e - . : " ; . -,
val ve seat Burt ot BOuEeBett bELRLR Bu HCHBITED. RS Podditbeage. 11,

The dgyi.ce. imd0, i jd | h, I { i

for redaftuly Auf 49, aloavR. 3oV Al rE i Gl Ghe Pl

el ) ; - Ve : . . . K

val ve LT ElDy Bh=0638' 48 S oS Hihae R RN ORE Ml RECT

' | ve AR&{ 3§ﬂﬂ§v N, @ Si ' I | : d cl d
ggSYEions ?%c‘% es: Q%a.%%#%ﬁ%a e?a%gaﬁg ?ﬁrs§§%éﬁ%ﬁéﬁﬁﬁggggggg ffoﬁfgaid

igd et nmeansg On tPRe CREPEEECOE ¢AaliReIEOTiddINAITRY J iddiet vaRgESsaad bei ng

pl ugged. at one.end and 20 being sealed near i1ts other end by a piston

carryingargs r 881 baideWousdalg FEGEREingt & thecknRenvendef sakdashanber,
sai d chanber containing a conpressible gas, said valve closure being

connecherrourndimpi sapd shaiin ot [Paisageieian@ skl valve means in

said housing including a check valve closure engageabie wiﬁh
‘said check valve seat surface to prevent back £flow through
10 said flow passage.

11. The device of claim 10, wherein said annular check
valve seat surface is formed on said sleeve valve means and
'said chedk valve means further includes means for biasing said
check valve closure towards said check valve seat surface.

"15° 12. The device of claim 11, wherein said valve operator
means for biasing said valve tip towards open and closed |
positions includes: sealed chamBer means in said housing
spaced from said inlet means on the opposite side thereof
from sald outlet means  and being plugged at one end and

20 being'seéiéd near iﬁs other end Sy'a fiston carrying a resil-

ient.seal engaged with the inner wall'cf-said chamber, séid |
chamber containing a_ccmpressiblé gas, said valve closure
being connected with said piston, said piston.being biased
toward closed position by said compressible gas in said sealed

35  chamber for biasing said valve tip'towards said annular valve
seat;lsaid piston Being exposed to pressure exﬁerior of said
flow conductor and being responsive thereto £o move said valve

closure means to open position.



for biasing sard valve {1 p towards said annular va 33ilﬂlllﬁﬁl\ﬂll\lﬂ\]\!iILl!IIZ‘;:”““‘?r

bej Rg/ exposed to, pressure exterior of sai | ow conduct or¢ artd Bei hg
responsive theret-o to nove said valve closlre neans to open position.
13. The dévice of claim 12, further including: spring means in said

seal ed chanber bjasing said main valve closure neans towards closed
posi.tion; and s f or R dPEYEFRgOEhELadai ey of uSERET s Ancdydingns spring

oes wuay, ARSI FATH' SeBhe cntfidh SLSR B S LT Fi00uLE
7 o S S B W
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housi ng to anddird NP dsheeaded beyond said bypass port means and having an
annul ar recess in its wall between said bypass port neans and said blind

end; a cross paskfge iThéadéviedyogb@aaisaixs pl iﬁdlﬁ&ﬂn&?Vil%katméé?sStoﬂne.
of its ends conmunicating with said inlet 20 means; a | ongitudinally

di rect centrsfiiddeupingi peteievableganohoringl saidr Aegticeniih Avuked Sedt
surface and conmmuni cati ng : : ' :
sealed relation in a receptacle forming a part of said flow
10 conductor in.said well,
15. The, device of claim 14, wherein said means for
closing said flow passagelébove said bypa#s port_means wﬁén
'said sleeve valve means is in closed poéitidn includes: said
flow passage in said body’ having a portion thereof extehding
.15 . from the downstream end of the housing to a blihd end ldcated
beyond said bypass port means and having aﬁ annuiar récess in
its wall between said bypass port means and said blind end; a
Cross passage iﬁ said body abové Said_blind end having at
least one of its ends comﬁunicating with said inlet
20 means; a ‘longitudinally direct central bore portionjextending.
~ downwardly throﬁgh said annular seat Surface and communicating
with said cross passage; at least one 1ongitudinallj directed
eccentric passagé'having dne_end thereof opening into said
annular recess of said flow passage below said blind end and
25 the other end.thereofIOpening into said chamber below said
piston, whereby when said sleeve_vélve moves. to position
opening said bypass port means, the smaliér'seal ring carried

thereon is moved across said annular recess of said flow




, east one longitudinally directed eccentric

Jhssage ' havin end thereof opening into said annul ar recess of said-
om/passaiﬁﬂlﬂ ﬁ ul nd end and 25 t he ot her end 't her.eof openin@*’s

nto said ' pi ston, whereby when said sl eeve val ve noves

to position:openlng sai d bypaSS'por3 ans, the smaller seal ring carried

thereon i s noved across said annul at recess of said fl ow passage and is

engaged in blind portion of said fl ow passage beyond sai-d annul ar recesg—}o

h
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interior and the exterior of a well flow conductor, conprising: a

housi h@yendedidblandulfanirede £3V €ONELSEO s M?asﬁ@é means and

outl et means and a main fl ow passage connecti ng sai nlet means with said-

outl et nedts;, amulevicel ferseahtrediingn fiawd Hetwsery thevistegior seat

surface surrounding said main flow passage; val ve neans including a valve

. tip 1@nd &hgaestisrion (of smivelkaflowréendudior coromptising§ | @v

therethrough a bypass passage communicating the exterior of said hou5|ng
5 h fousing connes deo maide dlanicpnducteors and hawingdnledi d out | et

nmeans; neans |n|t|aIIy cl osing said bypass passage and being novable to a -

posi t PERns And Qiek) MeAnS ARG A @@Wﬁ%ﬁﬁ prernecting said outl et

nmeans .exceeds t he ssure_.at said i nl et. means a prede- term ned anount;
and v&ﬁ@é%nﬂﬁﬁ? Fﬁh o?aﬁgaﬁg efc MEIATY: Qﬁ§q¥§%s Y% ?ER#rEF%P%ressure
responyl V6 2418881857 VLGN W R RE-ANS B RRaa! saTd valve tip,

and

said main flow passage; valve means including a valve tip
10 - engageable wi'.th said seat surface for controlling flow
tberethrough; a 5ypess passage communicatihg'the exterior of
said housing with said main flow passage between said
'va;ve eeat_means and said outlet means; means initially
cloeing_Said bypass passage and being'mbvable.to a.position
- 1S - 'opeﬁihg said bypass passage-when the pressure at said outlet
means exceeds the_pressure at said inlet means by a.brede-
te:mined amount; and valve means eperator_means, including:
bellows means having'a pfessure responsive surface and con-
nected between eeid housing and said.valve tip, and
20 expansible means in said bellows applying a force to extend
said bellows for moving said valve tip'into-engagement with
said annular seat surface when said force dfesaid;expansible
means exceeds the fo:ce'of the pressure at said inlet means-
aceing on said pressure :esponsive eurface of said bellows,
25  said bellows contracting to move said valve tip away from said
seat.means when the pressure acting on said pressure respon-
sive surface of said bellows develeps a force exceeding the

force of said expansible means in said bellows.



20" expan5|ble means in said bellows applying a for

bell ows for nmoving said valve tip into en agerrent W Bﬂgﬂl‘ﬁ!@ mﬁmgeat
sugkase when said force of said expansibl ﬂheans ex orce ©0f the
pressure at.-said inlet neans acting on sai.d pressure responsive surface of.

sai d bell ows, 25 sai d bellows contracting to nove said valve tip away °

fromsaid seat nmpaps WpRE H8¢iféecSEUEEadfil 167 WheT@lith rsrae.asqu:ar#ms@é/e
surface of said bellows develops a force exceeding the force of said

expars¥bl e ntaeludessport méamswsin theéwdll of Baldidwusing andisaids,
wherein said bypass passage includes port neans in the wall of sai_d housi ng

and sai d neaneansrfoniintfislly closingsald fypash PrEREES I8 & SREVRI ve
in said housi ng and novabl e bet ween port-c¢l.osi,ng, and 05 t - .open
st 1o - Tuatve e Bad deowsing and MOvaHLe B mEeR Sartlas il T | ng

bet ween sai d_housin ans %Pﬁ sajd sl eeve valve to prevent flow of fluids
t hr oughQani PP paeE NSerhe device of claim 18, including:

rel easabl e neans, 10 holdln sai d sl eeve valve. in_i initial, port- ci sing
position and rel ®@sabl 'Sh?odﬁgf‘-ﬁﬁt O Rkt gJ{’ S&Pﬁlghié% \B83l means for

"o sai a1 nl creayiag hetueen FRLd e Seite o sk BIGRE RS
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19. The device of claim 18, lncludlng- releasable means
10 holding said sleeve valve in its Lnitlal port-closing position
and releasab%e to permit“movement of said sleeve vélve to |
pért-opehing position when fhe pressure in said outlet;e§9eéds
" the pressuﬁe in said inlet by a p;edetermined amount.
20. The device of claim 19, wherein: Said'sleeve'vaive
- 15- has at least one lateral port in the.wall thereof registerable
| with said bypass port means when said sléeve is in
port-opening position, and said resilient seal means for
sealing betﬁeen‘said housing means and said sleeve valve
. includes o-rings carried in exﬁernal annular receé#es on said
20. sleeve valve and spaced to straddle'Said bypass port means in
said 'housing means when said bypass sleeve is in _said
port-closing posltlon._
21l. The device of claim 20, lncludlng. check valve seat
means in said housing means prov;dxng a check valve_seat
25 surface surrounding said main flow passage,.and check valve
means in said housing means including a check valve closure
engageable with said check valve seat éurface to prevent .

backflow through said main flow passage.




ry-openi ng positior—eandsaid resilient seal means for sealing between
i/d housi ng neans 5 g Eld sl eeve valve includes o-rings carried in

xi er nal iﬂ“‘ﬁ“‘“ n said 20 sleeve val ve and.Spaced to stradéH"éa
ai d bypa sald housi means when sai d bypass sleeve is in

said port - 6I05|ng posi tion. The device of claim 20, including: check.
val ve. seat neans in said hOUSIng means providing a check val ve seat 25..

surface surroundlng said mai'n flow passage, and check val ve means in squ -
o

housi ng medds i nERRJRRY IS RS ICIAAM 214 o%%ﬁ’éeé%gﬁgéﬁbﬁénw-ﬂﬁ §B_SKche

val ve sgft surface tq prevent bac | ow t hgQu g sai d fl ow passage.

0 72 Valincsned ¢ pealia i Saoueg o8, RALd, SleRNE AL deARS RAd0ei
surface | sai d sleev ve peags .and sai.d check val.ve nmeans
Turt nofatd LRARE < r#‘ﬁa Reane (v ene THRLaAARC AN e OL8R. T owar ds
sai d e fa Vi rein
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pREt - cé£§fgge905|t|on includes: a snap ring carried in an external_annular
recess on said sleeve valve and extending outwardly beyond the 10

periphery ﬁﬁ‘ereoi‘hesééqzéﬁanr b&&xﬂemg %&E&iﬁtiﬁherbﬁ.eﬁsm'et meangher ei n

it does not extend beyond the periphery of said sleeve valve, and a first
i nt er ngdr CaBIALA r&éﬁstew drdmops i 08 E%Qn%ﬂirﬂztdla|édrmﬁ1§y sai d

snap ring on said sleeve
position includes: a snap ring carried in an external -annular
recess on said sleeveIValve and extending outwardly beyond the
10 periphery thereof, said snap ring being contractable to a
posigion wherein it does'nct extend beyond the péfiphery of
§€id sleéve_valve, and a first internal <¢ennular reCess_in Said
housing means initially engaged by said snép-ring on said sleeve
valve for holding said sleeve valve in said port-closing
. 15- position and releasable to permit movement of said sleeve
valve to port-opening position.
24. The device of claim 23, wherein said means fbr
holding said sleeve valvé further includes: a second internal
. annular recess in séid housing.means spaced from said-first
20 interpal recess and engageable;by said snap ring for retaining
said sleeve valve_in said port-opening position. ;

25, ~ The device of claim 24, wherein -said expansible
means in said bellows meéns is a cgmpressible gas for extend-
ing said bellows.mEans for biasing said valve tip towards said

25 annular valve seat.

| 26. The dev;ce of clalm 24, wherein sald expansible
means in said bellows: means comprlses sprzng means in said
bellows for applying a force tending to extend said’ bellows

for biasing said valve tip towards said valve seat.



val ve for holding said sleeve val ve in said port-closing 15-  position ‘and
rel easabke £ 0 perni't novenent of said sleeye valve to

posiiion. 24. The device of claim 23, vvh?r‘el n said nwlm”mmu H”“"lsa' d
sl eeve val ve further |ncludes a second lnternal -annul & fecess" i F said
housi ng nmeans”spage fir £p e by
sai d snap ri ng fg? retgﬁﬁl g‘ ? cé\/e val Ve ﬁé]é%‘?j % r?ag‘f)e ag QQL&'
posi.tion. h e Fl [

0o dubel | oncBEBRc o Mgﬁéess. FobfzebfSon oo 8214 S4PSAS. BbSnf-Osrbly
for biasing sagid ‘(ﬁil% tb&? fQE‘@f:d&e%i'sd £ ad}ﬁQHEB!leV@éoVeréQ?énd 280 a The

device of claim 24, whereln sald expansi ble neans in said bell ows neans

conpri ses .Spgtégsﬁﬁénéfl graaedebﬁhhews vhQueapkl waid dnfletcmeanadi and dock
extend.said bellows for biasing said valve tip towards said val ve seat.
41 27. ¢s5Thendevineansf fomisedifringictheli pgsitiipnsofngaidr adjusting @crew
varying the conpression in said spring means. whereby said val ve operator :
means is adjmeansl oro pregeaving theradiustment ppfdsaddniaddsstinge saresai d
inlet means, and |ock 05. nut neans for securing the position of said
adj usting scﬂ@%ﬂﬁeans for preserving the-adjustment of said adjusting screw
means. 28. A devj ée r.controlli ng flow between the interior and the

fl

exterior of a we vwievheecfer coptra | $1qw between the interior
and the exterior of a well flow conductor_substantially as

10 hereinbefore described with reference to and as shown in
the accompanying drawings.
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