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ERENTI AL GAS LI FT VALVE This invention relates to gas L|ft _val ves
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the guantity of lift gas which is needed to produce the
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Erom well conduits, they waste lift gas. Gas lift wvalves,
on the other hand, are more efficiency in that they need
not remain open and passing lift gas all the time, but may
open only when <conditions justify their =afficient
operation.

_ One type of valve used in gas'lift operations is the
diEferentially operated gas lift valve, commonly called
"differential wvalve®”. Such valves arz normally open but
close upon occurrence of a condition where the difference
in pressures between the gas " lift column and the
production column exceeds a predetermined value for which
the gas lift valve has been adjusted to close. Because of
this characteristic, the pressure of the lift gas is not
critical once the well has been uhloaded .and placed on

" production. Generally, lift gas 1is injected into the

25
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tubing-casing annulus of a well through a choke which is
sized to pass the quantity of 1lift gas which is needed %o
produce the desired volume of liquids from the well. 1In
some cases, the gas
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-2- is knjected into the tubing and well products are lifted through the.
annul us. Listed here are several U S. patents which disclgse vi%jgﬁf of
differential *gas’ lift valves. They are: 5 2,144,144 Q=6,§é44:kj_ 8
2,256,704 2,288,605 2,305,250 2,314,668 2,323, 89 , 541, 80771
2,588,715 Al of the above listed patents, with the excéption of U:S.

Pat ent_¢2, 305, Psoinnected dpfeoitrheadivbing wrdirglibeoredyntohacy Lifted
perhaps, nore readily seen and understood 10 when | ooki ng at patent

2, 144, 144 whieRreeshegheoarnglusei ckner on January 17, 1939. In this
atent, and in Fig: ures,11 and 12 in rticular, the valve nber has a
Biston 41 havi ng $%§tﬁ pEFrQnGrEXESQEHp Qnﬁﬂrﬁf?ﬁ%ﬁ%dV%l?FQEéscﬁPFFeé
into the val ve hpusing_tAQr h | at.eral ports.46, 15 and has its | ower end
exposed to11Hﬁ¥¢ﬁﬁ¥e&guaégggﬁﬁgiﬁﬁ%t e R IR Dught BB A5%port 25. A

Wien the o esttF e Fid ho Ba2eRg SBhcocde 00 e F 2% C08 1 B RESHgoR

sufficient ”?%95& gg di 5t§P§Q%‘§3bet \ﬁe%l%(g&ﬁesez P& 5S4 &S acting across

t he area of e p|§§on 41" W créate duffi‘cient fofte to nore the valve to

cl osed position ($hpwWgei PrEi duEGelDis A iatRHESORELA Nend OLESBE 1SR b2
RS Iyhve disgid R

44, and engages seat surface W eat to stop the flow o

fromthe casifigs] nbaritie bUB0Bg2sR3 WiRA W\ didd:1sadec DetpbeputlE kUl ng

aﬁﬁ*casing pressure is reduced sufficiently, the spring 44 | open t
valve, i.e., 48InIGhibR Y8l VRekhapss @id¥d &%‘d&iﬁ{" $SEWVihd NuiB8rskb8all) -

It s readily seen that the piston areas exposed to the tubing pressure and
t h€ casi rg prasén’ Bo8kengUHdel patent 2,144,144 which issued to C.S.
Crickmer on January 17, 1939. In this patent, and in Fig-
ures 11 and 12 in particular, the valve member has a piston
41 having its upper end exposed to casing pressure trans-
mitted into the valve housing through lateral ports 46,
.15 and has its lower end exposed to tubing pressure trans-

mitted thereto through tubing port 25. A coil spring 44

biases the valve toward open position (shown in Figure 1l1l).

When the pressure in'the casing exceeds the pressure in
.\J the tubing by a sufficient margin, the aifference between
20 these pressures acting across the area of the piston 41.
will create sufficient force to more the valve to closed
position (shown in Figure 12), as it overcomes the force
of spring 44, and engages seat surface 47 with the seat to
stop the flow of 1lift gas from the casing into the tubing.
25 wWhen the difference between the tubing-and casing pressure
is reduced sufficiently, the spring 44 will opan the valve,
i.e., return Ehe valve tb its open position (shown in Fig-
ure ll); It is readily:seen that the piston areas exposed

to the tubing pressure and the casing pressure are equal.



~.1n the er patents in this group al S

-3- Since these areas are equal, the valve both opens and cl oses at
subst antj-al |y the same pressure. Understandably, the valve may quickly

cycl e be ; en open and cl osed positions several tines bef ore *assum ng one
positio the other. 5 This is not desirable. It wastes gas and causes
unnece-

ary wear and tear on the necg nism The gas |ift val ves disclased
“have val ve means with pistons y_;

"~ Patent 2. 286 O °$§§ats3a%%b'§§p% m&?ﬂa‘%%\%egsﬁh@%@a Feﬁ_ms??ssts
al., di SC'Oasce {;i;h ke eIl Al feL DOCaLYFY digussed.

| n operati on, VE | in the po i'tion shown I n Frgure

patent. '—gg \Qe?%nix_ﬁo &aglggayeae Betzet] ‘B’péﬂ)ré d3<?138§§.df E’ittﬂtBﬁ@rd' y

in flutes OWs™ aroun e“upper portion-o and” pas

tapered UpRRdv&rKEh tbﬁasef be#Bdef ég@uhﬂ%‘f«y?%z{é"ﬁw&ft?&ﬁt o2 'th¥hgenkhe

pressure in the tub- ing decreases, thevelocity of the gas . passing the

upper ey qfhi@elyazhd@ 886193588, ANt LG \WadTYRE YRuEEYANHn2BeLhe
seat, pinching the flow therebetween. This further increases the velocity.

The upper Ry Gredd @hdt Beayabye tael metthahi¥mss on and plunges into port 27
until it seats as shown in-Figure 3. Wien liquid rises sufficiently high in

the tubing to crieetgasuiifei eallvesclipciced nrtting @bhegapagsentle impper \/
end of the valve (which acts like a pis- ton), the valve will nove to open

position. RitinterduR881665haved3 4l memnt i8S, BDStohschavingeequalA. .
Boynton on July 7, 1942, March 30, 1943, and . </
areas exposed to tubing and casing pressures.
10 . U.S. Patent 2,256,704 which issued on September 23,
1941 to C.s. C;ickmer,-et-al., discloses a gas lift valve.
which is similar to those just discussed. 1In operation,
this valve is in the position shown in Figure 2 of the
patent. Lift'gas'from the casing enters side ports 37,
15 flows upwardly in flutes 36, flows around the upper portion
of va;ve 30 and past the tapered upper end thereof, and i;
from thence through port 27. When the pressure in the tub-

O

ing decreases, the velocity of the gas passing the upper
~end of the valve increases, and the valve moves up toward
20 the seat, pinching the flow therebetween. This further
increases the velocity. The upper pertion 34 of the valve
acts as a piston and plunges into port 27 until it seats
as shown in Figure 3. When liquid rises sufficiently high
in the tubing to create sufficient back pressufe acting
25 against the upper end of the valve (which acts_like a pis-
ton), the valve will move to open position.
Patents 2,288,605; 2,314,868; and 2,323,893 which

issued to A. Boynton on July 7, 1942, March 30, 1943, and



~

-4- July 13, 1943, respectively, each show a gas lift valve with a
hol-l-ow st emmed val ve, but these val ves have their opposite ends f gém
equal seal surf,dces thereon and are adapted to engage in equal cup-sfgped
seats at either 5 end to stop flow through the holl ow stem when tke_g
ential .pressure across the nechanismcreates a force ex- ceeding the. force
of ceg¥ering Isyliyi g melId3 assespecedivelyh theht showara s/ el stevallrs.
Patent 2,305, 250 whi ch i ssued on Decenber 15, 10 1942 to H U. Garrett et

al ., disclos@étb(ﬁfHQ&knw+s¢egmedlvaivealbetwhh@he vedarks shaoperatetr by
the difference be- tween tubing and casing pressures, but its valve nenber
does not al wRPPQFidrerndguEPraedaYith ﬁﬁéaguﬁﬁﬁé Sug fames ithpreewusanhd,
therefore; acts differently fromthe devices 15 of the patents just

di scussed. TRESIAAIRFSS tRrenFagesdn, eguahaSur-FapPedmEasts &It (Skikher
Figures 2_and wth-a c C seat surface 3 22 on its upper_and | ower
ends and 3 pP?%%)ﬁ%Ssﬁq}%tfog%‘foWFH\égﬁpﬁéﬁ BRéd: °§p|5tﬁ§‘ 36‘961 Fhe diELemt ve

t oward open tion éshowm in per end of the valve

member can. cggi a&p«ﬁeﬁﬁﬁﬁ Zﬁpﬂﬁ?ﬁhtgﬁeﬂgcpﬁ%ﬁﬁ@ 85645?5(% fqrce T end
I I t h t the tub- Lat I 1

the val ve holSPAl BTt SEcCPPBRFIng BREAAG MRADS AESBUASRY and to

| g t 1 Th ts 31 h nmbi ned

nﬁ%%rsﬁgﬁleréﬁﬁihw@he area.%#v$h¥isggg§?f 12 g?rpgrt 20évsh2n0?helcglv2rfg

open and i s seat gl on dinngte P! $03025623h18nPLSAMES of A Hi¥enifdr RSN e
upper side of pisto ,

10 1942 to H.U. Garrett et al., discloses a differential gas

1lift valve which indeed ls operated by the difference be-
tween tubing and casing pressures, but its valve member
does not always present equal areas to the tubing and cas-
ieé areas and, therefore, acts differently from the devices
15 of the patents just discussed. - |
The device of patent 2,305,250 has a valve member 21
;J_ (see Figures 2 and 3) with a conical seat surface 23, 22
on its upper and lower ends and a piston 28 just below
o ' the upper end. Spring 30 biases the valve toward open posi-
20 tion (shown in Figure 2). Thehupper end of the valve member
can close upper seat 20 which opens to the casing, or its
lower end can close lower seat 14 which opens to the tube
ing. Lateral ports 31 in the valve housing conduct lift
gas from the casing into the housing and to lower seat 14
25 when the valve is open. The éorts 31 have a combined area
much smaller than the area of either port 14 or port 20.
When the valve is open and is seated on ﬁpper pert 20,

casing pressure cannot act upon the upper side of piston 28,

but acts upon the upper end of the valve through port 20.



but acts upon the upper end of the valve through port 20. Port 20 is
smal 1'er 4 qanport 14, and the piston is larger than port 14. Thus, when the
dlffer-a; between the casing and tubing pressures becomes- sufflcqently
great t&¥ iﬁ%seat the val ve from upper seat 20, casing pressure imediately 5
~acts upon -the greater area of piston 28, causing the valve to nove to fully
cl osed position with a "snap; action” -$h|s imparts positive operation %b

the gas Iliabr\ealztf- £0dspRgY Rt scﬁmpéwameda 'w& g?@t'% ed Pg)éser't

al so saves as and avoi ds unnecessarg wear and tear oh the 10 va
mechani sm than #agtyildss T, wieant kReydiféeirengrenbeteeni ther easial

pressure aghd mld&%@é@gueésum@rom&ats@@néﬂénww dredtS @60§ﬁgeafuhe
dlfferentla}‘)ﬁ sure. acts upon the I;J(gi | ower seat 14

di fference® ?Mf%ﬁ%egp Shs €3t s°?§+99v£§ﬁ§§%F%lb@%eﬁfaéeiyrst

differeftiakt |sr apon chalgre el t are&0penpasta s ANt { fg ebhbabatabue
rst., According, to the.present, invention there is

which is | than th
prl)\(ii dleg agézgﬁqvﬁ ?%Val 6%{1'& ASRTD1 PPAG EAPSW ‘ngbasal N8R WAFE198 | ow
conduct or Thém tlln@aesusrg'a@suheeeobgremum diogtha. gaspdriffis ateled oagdt e

(tubul ar bodyoURARS NENENty fed hOUAPASRAGES NEH Y OHER WiddLd 1 Gh MERQS Al

one end and out et means el ng connectab .
flow condavesr gasitand garpdds ounhecessnsamswearrn 28d cwemmniorat kbe wi th
interi Qo ofz1%8i theldn@WiGanduct or and said inlet nmeans in commnication Wit

the exterior of said flow conductor; b. valve nmeans_in said -tubul ar body —
having a seat It is obvious that when the valve is open, the U

differential pressure acts upon the area of upper seat 20,
and when it is closed, the differential pressure acts upon
the larger area of lower seat 1l4. This difference in port
15 sizes causes the gas lift valve to close at a first
differential pressure value and to reopen at a second
differential value which is lesser than the first.
According to the présént inventio@ there is provided
a gas lift valve for controlling flow of gas into a well
20 flow conductor from the exterior thereof, comprising:
a. imperforate elongate tubular body means having a

C

flow passage therethrough with inlet means at one end and
outlet means at the other end and being connectable to a
well flow conductor with said outlet ~ means in
25 communication with interior of said flow conductor and

O

said inlet means in communication with the exterior of
said flow conductor; _

b. valve means in said tubular body having a seat
surface thereon surfounding said flow passage:

30 c. valve closure means in said body having a seating
sugface thereon engageable with said seat surface on said
valve means and longitudinally movable relative thereto
between seated and unseated positions;

d. tubular valve stem means in said flow passage

35 having one of its end attached to said valve closure means



i.

surface..t hereon surroundi ng said fl ow passage; 30 c. valve closure
nmeans in said body having a seating surface thereon engageable with saLd
seat surf.ace on.said valve neans and |ongitudinally novable relative,
thereto between seated and unseated positions; d. tubular valve st
means ~in said flow passage 35 having one of its end attached to s3a
valveicfosure nmeans and the other e6-its ends exposed to

reans in (‘)ierIE)(t‘."?lrl 28k SfIt%l sal valt Ve g‘]osur ees)?#e 7 &que@ée?%kgg Egéh

means in its wa ace ans conmmuni ca
of said tubuleantes:tm neakd flhoW cheducharor isaid hakenf megns ahaaaxrm pact

val ve seat Syl gd 4Q PHRSSULGLL Ny 'a‘?;rerﬂ'{) s & ftm&onéystetabeenasnb
greater than the area of the val ve st'em ect to pressure exterior

said flow coR@ERWY:CaAHNNS. tm%ah9r3|8§lﬁél itppiare shem, RRARS ﬁhﬂhtﬁge'
val ve 10 @ ogiWteriRaNsStRbtashgd ¢her akeat @I dhansediws pestt isibiddt Webl

s forned wi PRSRRTSI LAREX4OFcr BEe T Eh SYRN dFARGHSHAT BBLo%s FESRES Tact
to actuate thaaml w:hethQpan Of ckhsedvabeeti spemo shiatiethe 85 vatessurkl
W Lhout cycl PRESHAT ot hebhB8; “RRalEsEE B on™ o pr ovi de snap act i on
begause the openi reg amdansoblagxdgthaugnv&lweasEemomdhhSeﬁEﬂi thesvalvke
present Ry el A5 fela 0 ege e00USaPEAKEAES %&%@%Aséété@ %ssbemg a
ess tortuou oW passage rouagh it In that the tlow passa asse
st{ai ght through te. widllye be appreciated that the gas llft valve
~according to the present invention is formed with unequal
areas across which the differential pressure may act to
actuate the valve to open or closed position so that the

15 valve will close at a first differential pressure value
and close at a lesser value without cycling and without
need of a special_piston to provide snap action because
the opening and closing differentials are so different.
Also, the present -‘invention as defined above provides a

_ 20 gas lift valve having a less tortuous flow passage through
it in that the flow passage passes straight through the
valve,

Reference is now made to the'accompanying drawings,
in which:~-

25 Figure 1 is a diagrammatical view of a gas lift well
having a single string of tubing with a plurality of gas
lift valves attached thereto; )

Figure 2 is a diagrammatical view of a gas lift well
having multiple tubing strings therein with a plurality of

30 gas lift valves in each tubing string;

Figure 3 is a longitudinal view, partly in sectioh
and partly 1in elevation, showing a qgas 1lift valve
constructed in accordance with this inventien showing the
valve in open position:;

35 Figure 4 is a cross-sectional view taken along line



Ref erence is now made to the acconpanying draw ngs, in which:- 25

Figure 1 is a diagrammatical view of a gas |ift well having a si ngle string
AW th a plurality of gas lift valves attached theret'q; Figure 2 is -

patical view of a gas lift well having nultiple tubing strings

t her ei ith a plurality of 30 gas lift valves in each tubing string;
Figure 3 is a longitudinal view, partly i.kn section and partly in 4
el evation, showing a gas |Ilift wval ve “construct ed i n accordance wi.th’
thi's i nventiod sfiofilgnnehadval ve in open p05| tion; Fi gure 4 | s a
Ccross-sectional encal n af r

: >4 Fibaled aeps ”«914.\& m1.l$r Eﬁ.?gﬁ( %cﬂﬁi
view simlar toélgure sov?ion eV|ceo re%wt e alve|n

cl osed posfevéRe pPi g@'rlé‘ie'-'q s3 d”*‘?%gﬁbﬂt HRyVe dn Slased pesirienre 35
showi ng the val yggafreFiguig & i Eragﬁlbwt@rtypr@ysat 'dlgnﬂ?&ﬂ‘f LeW.pifg e €37 1S
afragmé\r/l rg \uews mlar_to Fi urﬁ sho a nodified formo asllft
val ve havi ABOY188ri ﬁbef of2bVssi A ég\“FGa ngl%eaﬁ°§b%?ﬂ HRERYEB

preventi ngbd@kplawi on; Figure 8 is a di agrarmatl cal viewsimlar to Fl gure

1 but show ng aFweII hia single strl & tubin ich ":ncIEudes Si ge
pocket mandr el s*#PEH Sy o t2 v AFFEReRLALY | LY s SHpilar Lo Figure

show:.ng a mod:.fied form of gas 1ift wvalve having a spring
for biasing the floating seat toward backflow proventlng_ o’
10 position;
Figure 8 is a diagrammatical view similar to Figure 1 \o/
but showing a well with a single string of tubing which -

includes side pocket mandrels with gas Llift valves

installed
15
20
o/
'
25
30

35



25 30 35 therein; and Figure 9 is a viewsimlar to Figure 3 showng a
gas lift valve enbodylng this invention and adapted for attach- menfelty
.anchoring device'for retrievable install agl on in 5 a |landing recep_'
a well flow conductor. Description of the“Preferred Enbodinments ThE Y
of. thi-s invention is useful in gas lift wells such as the well 10
|IlusLLated(ﬁhﬁﬁ%&ﬁﬁﬂi@%lly in Figure 1. This well has a casing 11
perforated as at 12 10 to provide inlets for well products. A well tubing
13-has its | ower %wr%na if 8| Vi@WcEARdAACatCoF dFune t%esfacwrr@ 2eFRSt he
perforations

acker 4.cl os s the tubi.,n Sin s 15 just
above the perlf&*at‘f %&§1MI = lﬁe&&"f@t&l%%@é‘%t I?éig%ﬁﬁﬁff r_LSa’é%a?he

upper end of the cas-_151in

velThead 10 3 &3 e flor 185, HRDS L RA0T, t&%ﬁé%ﬁ%% C:”*f”ﬁi%s}r‘ée 18
Dot cohat A e Pe-dotblfer 30 §n§’%&%a|ﬁ%&p hent (ot
shown) . 20 poo T WELL LHDLAG b oRdybBRCGH g“a!'ty of gas Iift
val ves, only fied by the

ref erence nurreral.ﬂ.,gcag‘pgch fTQﬁ g_ﬁ%ehl %evq_sv FE G é:séjﬁ' fi in

accordance with this 1 nvention an be 1 ntlc to the val ve

sh in Fi gwedd ' ffcr-Ps thbt wedd tL% S4RRIs e Hed qmmﬁmit{@aﬁﬁy in

confected to
Flgure 1. This well has a casing 1l perforated as at 12

hed 10 to provide inlets for well products. A well tubing 13 has
its lower open end in fluid communication with the casing

near the perforations. A well packer 14 closes the tubing-

casing annulus 15 just above the perforations while a well-

. ' head 16 closes the annul&s 15 at the upper end 6f the cas-
15 ing. The upper end of the tubing connects to fhe wellhead

16 and a conventional Christmas tree represented by the

valve 17. A flow line 18 containing a wing valve 19 is

(

connected to thé Christmas'tree to conduct well products to
o conventional surface equipment (not shown).

20 The well tubing is eqﬁipped with a plurality of gas
Ilift valves, only two of which ére shown. These are identi-
fiedlby the reference numerals 20 and 22. These gas lift
valves are constructed in accordance with this invention
and may be ldentlcal to the gas lift valve shown in Fig-

25 ures 2-6. | |

Lift gas is supplied through gas line 23 connected to
the casing 11 as shown and includeé a valve 24 for control-
ling flow therethrbugh. A flow choke (not shown) may be

29  included in line 23 near valve 24, if desired.
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the casing 11 as shown and includes a valve 24 for control- ling-flow
t heret hrough. A flow choke (not shown) may be 29 included in |ine 23 near

val ve ~oif o desired. 9 Al of the s lift val ves described herein and
em bo g this invention are of the fferential type. They are actuated
by the ference in pressures of the-li-ft+ gas and the production fluids

whi ch act upon them 5 These valves are structured such that they cIoSeéat

‘ a predeterm nedldi fafriehe i gaspléfsuvalins deseriibed fiereirtandi 4B

differential pressure which is,consider%bl | ower_ than the closing

di ff er ent i RPAYIAG (Fhels RERERREAGRNBRAL & Fi%‘l?r S Eferentiayd | ¥YBR- seen that

10 the gas Lift valve of this inyentiqn_ds indicated gener- alky B the

numeral 25 ThAY 858 3REWAtad DKt 3eﬁﬁ%€§FQH9§uﬂQM£F UrRs 9L sEBR in

Fi 2 f ti [ t| h . . gnd d f h

purpose. -VARSE 283 1, qB8 ABRBAYrRISH, oo e e e 1Pef, 8% acsnge 20
t endi ' ful]_ t f |l K- hinth

Girocti 5y SRSRS SR FEY e, PohuBREe Bk pldD M OB 1 "
nmber 30 ' | Sk d ' d

2t 32 for PReERSSE Al Aot BREIT, pllegduine R ciikh (704 ggen) A

downst 1 eamyed v ddl & DAELY=hDGS30BYeaBule ShidH Al IASIERILrgh19Ub 36

This connection I's prefer- ably sea by suita nmeans suc esilient,

seal 1ing 3ByeSulkrifh i Sn&X& o8ahbY dlilprasdedt 2l igediies, end as at 36a for
attachment to the lug 37a of a conventional lug- 25 type mandrel 37 (shown..
in dotted |ineRef@seind hAdwt 88 FiBures 3-6, it will be seen that </
10 the gas lift valve of this invention is indicated gener-
ally by the numeral 25. This valve 25 may be identical
to valves 20 and 22 seen in Figures 2 and function in
exactly the same manner and used for the same purpose.
valve 25 include§ a housing or body 28 having.a flow

15 passage 29 extending its full length, flow normally tak-

ing place tﬁerethrough in the direction shown by the

arrow 29. The body 28 comprises a main housing member ~

30 which is ihternally threaded at its lower end (upstreém :3
end) és at 32 for attachment 6f the plug member 33 while
20 its upper or downstream end is internally threaded as at
34 for attachmeht of sub 36. This connection is prefer-
ably sealed by suitable means such as resilient seal ring
35. ‘Sub 36 is externally threaded at its upper end as at
36a for attachment to the lug 37a of a conventional lug- -
25 type mandrel 37 (shown'in dotted lines) made up in the tub-
- ing string and pro#iding-a passageway (not.shown) between
the tubing bore and the annulus. When thé gas lift valve

25 is attached to the tubing via the lug-type mandrel 37,

.. gas may be conducted from the annulus to the interior of



and the annulus. Wien the gas lift valve 25 is attached to the t
the lug-type: mandrel 37, gas may be condpﬁted fromthe annul us t s
i nterior of t he tublng when the gas |ift valve is open. Plug nenber 33
I's bored as at 38 fromits upper end, t his bore ternminates short of its
| owery end. Afhentatbing when §he gésp%é%@r&ﬁﬂyepﬂ§v9@9¥°by cross slots 39

MhICH\E are narrow slits for ﬁgC#gdﬁgg@élzeable |cle of de- %é? gﬁt
e

Cherers, oS ot 0 o i oo o oot o8 e
EgegsSBSELdS ) Th;aﬁu?ﬁmﬁﬁz% 98?B§8£§§8§2 %Eowﬁ%% ac Iea.%éaioaéfat
gﬁ:‘)b: ggrt hgr o FAP a?ﬁ%%eﬁggg§ % |‘o'r §\%|dd|b vvnvvar 0%183/% 2’%’%

enl ar ged § §F'4JH§$PJ"p%i PﬁéLagggggﬁgﬁgdsg%g% ', ?€§%§§§5%$t222;

to be nade cl g h a St t
_49. The out erb%g'nd a%-fen?%—é@aéa”‘g%?ghdfgiyso?ﬁ%?gﬁ%ﬁs"@gfé%fo to p\fé(:)?@gl SZ 2

f rusto-coni cg amﬁs aX\ﬁOéEuBHrEQﬁS ges theeR HP 20 diatsesy dJae be
rovi w t :

. device 25 is p a valve seadt having a seat surface which

sur rfounds t hendde V4 P CoR9aBaErRBW AB0UES ided bashit Aheyhsisoskdt pray be
fo dintegrally with the sub 36 or could possibly be formed in the main

mem 25 ber Jfadianevenletnothadéquantiel Iflskw alaphdity hatdrkeasy, as great
kJ_ 10 as bore 38).
l_The main body member 30 has a main bore 40 having a
lower portion thereof much enlarged as at 41 providing a
downwardly facing shoulder 42. The upper portion of bore
40 is enlarged as at 43 and further enlarged as at 44 pro-
15 wviding an inclined shoulder 45, all for purposes to be
made clear later..
The sub 36 has a bore 48 which is enlarged as at 49.
The outer end of enlarged bore 49 is flared as at 50 to pro-
\J‘ vide a frusto-conical shoulder whose purpose is soon to
- 20 be explained.

The device 25 is prov;ded with a valve seat having a
seat surface which surrounds the flow passage 29 passing
through the body 28. This seat may be formed integrally
with the sub 36 or could.possibly be formed in the main mem-

25 ber 30. However, in the form illustrated in the drawing,
'and.particularly Figures 3 and 5, such seat surface is pro-
vided in a floating valve seat member 60 having a bore 61
therethrough which is enlarged at 62 to prov1de frusto-

conical seat surface 63 adapted to be engaged by a valve



and particularly Figures 3 and 5, such seat surface is pro- vided in a
floatlﬂ= val ve seat menber 60 having a bore 61 therethrough which is

enl argt 62 to provide frusto- coni caI seat surface 63 adapted to,be
engageo a val ve menber, to be deF ribed later, for controlling 1 ow
t hrough the bore 61 of the seat menber. Enl ar ged bore 62 of the seat nember

s Tlared atobte | quer, end s lefh L0ost T egnl eg$t&ts%_11n fgpage and ko

provi de a 86 e va "owe portlon of the
val ve seat | eei o] 5 as ase fit
therewith yg?%%h 631 }OS‘JT d@?y&? h@r‘% %\ga#tlgag%tegr sé:r 66 |s provi ded
wih an exgargd < dddt 'ﬂswmaheasaea&tslqovféze%ﬁ r£pide ent. seal
ring 67. e upper portlon of seat nenber 60 is reduced in outside

di anet er as4aft06§te@irdlslﬂélﬁ§é09£@wlp&esegéaaaad tROTEALIE & UWufde as
shown where it i.s freely slidable. The transition between the enlarged and

reducedsougggfgggfgagsgﬁetwgaﬁgamemnafer 60 provides 15 an externa
frusto-conical surface 68 in which is formed an external annul ar recess

fitted with a mag [Jceir ssattiomgofothéhealuky seatamemberr6®0iss slidabl e
bet ween an.upper position; shown in Figures 3 and 5, and a | ower position,
20 shown i glEdghle Gn \Boare t4% smpdthasndefairlynciloseufidr fuwrewdeh its
upwardly facing external frusto-conical sur- face 68 eng s downwardly
faci ng fruget- eddilcalide fficeely bthezxebnsc Its ovilen |Smg-'%¢%e6ﬁ sis

t her ebetween to prevent |eakage between the sub 36 and seat nenber 60. 25
The seat nprbwide@ iwitheranfextéynabvaphrules xgcessedn which is car- o

10 ried a resilient seal ring 67. The upper portion of seat
member 60 is reduced in outside diameter as at 65 and is
telescoped into enlarged bore 49 of sub 36 as shown where
it is freely slidable. The transition between the enla;ged
and reduced outer surfaces of the seat member 60 provides

15 an external frusto-conical surface 68 in which is formed
-an external annular recess fitted with a resilient seal B
ring 69. . ' v

The valve seat member 60 is slidable begween an upper -
position, shown in Figures 3 ahd 5, and a lower position,

20 shown in Figure 6. When the seat member is in its upper
position, its upwardly facing external frusto-conical sur-
face 68 engages downwa:dly facing frusto-conieal surface
50 of sub 36 and seal rihg 69 seals therebetween to prevent
leakage between the sub 36 and seat member 60. |

25 The seat member 60 is very freely movable to an inter-
mediéte position wherein its seal ring 67 reaches upwa: ily
facing inclined shoulder 45 in the main housing member,
and is further slidable to its lower position seen in

Figure 6 wherein its seal ring 67 sealingly engages bore
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medi at e- posi‘tion wherein its seal ring 67 reaches upwadly facing inclined
shoul der 45 in the main housing nenber, and is further slidable to [}sﬁ
l.ower position seenin Figure 6 wherein {Tis seal ring 67 sealinégﬁggnbages
bore 43 in the main housing nmenber, -a position which will be ful |y
expl ai-ned herei nbel ow. A valve closure nenber is disposed in th in flow
passage 29 of43 hin behly madni housiall membeyi,t wdipead itigrelwhidh twikltbet he
seat menber 60 between seated and unseated positions. This valve closure
menber nmay benaxfe afiyllyi expiblinedhbpreibplelionat illustrated in the drawi ng
Is in the shape of a ball or sphere 72. This ball is engageable wth seat
surface 63 to pretlabve ohosursugenber dcadisparathein thel mwibm £hewbal

is thus seated, there_is but a small clearance between it and the inner

wal | of bore REEIRIE he? sehit thenbedy #me Hendlovadrks dongitydinably neaber
whi ch surrounds bore 62 may be terned a |ip and is indjca-_ted by the
ref erence hurfeh¥ Bathesseat meppeg, 60 Hetyasn saared and %%e%‘f-?‘lached
Lhereto @ hol Jon velue SLELHatllehbnseauiabl e Lhe el lopouby Sibyer
(B xtend! 10 Sl hlpderLp, LEgeSh, 05000 & S e Y8l L
(I guan L he ! 5% T SELE*b Bl (M e i Y DIBRSMBRE L0
o g e SR e S2bhucl 080 ORI Yk il R NEL]
In 10 member, and when the ball is thus seated, there is but a
small clearance between it and the inner wall of bore 62-
of the seaf member. The lower portion of the seat member
which surrounds bore 62 may be termed a lip and is indica-
" ted by the feﬁerence numeral 60a. | g
15 The ball or valve closure 72 has attachel thereto a
hollow valve stem 74 which_is'secured to the ball as by
\ éilver soldering or other suitable means. The hollow
valve stem 74 has a passage 75 extending the full length
— thereof. Slots 76 are formed in the wall of the valve stem
20 adjacent the ball 72 to enable gas flowing upwardly through
the hollow stem to éxit just below the ball and bypass it
before passing through the valve seat. The flow area
through slots 76 should be at least as large and preferably
larger than the area of flow péssage 75 through the stem.
25 It is preferable to provide flow restrictor means in
| the passage of the valve stem 74. If the valve stem is
formed in one piecey'a restriction may be provided in its

bore. For inétance, the stem can be bored from its upper

end to within a fractidn of an inch, say 3/8 to 1/2 inch,



t he passage of the valve stem 74.

Its upper

If the valve stemis forned in one'piece,

a restrletlon may be provided in its bore. For instance, the stemcan be
bor ed h .9 its upper end to within a fraction of an inch, say'3/8 to 1/2
inch, @/%t its lower end. Then this pbBtion can be drrIIed through mnth a
smal lerdrill to provide a bore of de-" sited orifice. Alternatively, a l@
_Uscrem/haV| an _orifice th could be.threade stem bQrx

I'n t%g HEFi Lc"Qwﬁrl 2@‘ rﬁhﬂbﬁrr%%rslﬁﬁdcén gﬁeg;&ll\a@%stem 74 7s
forned in t i e a stenr?? an adapt er The adapter 78 is
t ubul ar, 5 bB’rle:h7§a s%?% gﬁa& n*é‘PI Qr?ﬂﬁéﬁdéd%eapﬁgleﬂt or near -

d t lots_76 10 . Th
end Tace 78%97-'%53 BB, AT e SRR cr v evoRondRe Be mhidise

attached t

S threade2€§g%§t§%ﬁe h§uh&&ﬁfﬁreagﬂ§§§#£g?a§n?%méﬁr s%lderrn agggt2§eg§77

as showns The SERMAZ hevAlyi o

| ower end

et £ #1885 LLaEE Hhrea |

z
and bel ow fl ange 8 %? stemi1s re uce anet er

shown at 8ly4Dvar SteMi 92 q&lﬁiﬂ(é@fléuﬁ%@bﬂagegéégei ﬁesa.!e’;n 39S 14 %? e { he

bore 77a of the stemmy be restricted by re

bore, say
a screw or

be desirabl&nd 0igr oMteenalll
bean 84. Bean 84 is capture

ucl ng I anmet er

addapees’ 78he aneadgifpids A dSs aﬁuﬂﬁfarzoga\ihﬂgz LY Hde3° r7| Sl%xed

ifice could be threaded into one of 1ts éen wever

S

may

as

or

WHreSHdd L 148 48 192 REMET nkap! 3ggabl e flow
in sealing engagenent between the upper end of_

stem 77 anduppenvand| itf de prosiidddiari e LatefQ1LNBUOLE @aBTsershZﬁmbe' ow

slots 76.
10

The fl ow bean is pro-
The upper end face 78b is shaped to fit the valve clos-

ure or ball 72 which is attached thereto as by suitable

15

20

25

means such as silver soldering.i The stem 77 is threadedly
attached as at thread 79 to the lower end of the adapter
78 as shown. The stem 77 is provided with an external
flange 80 near its lower end and below flange 80, the
stem is reduced in.outside diameter as shown at 81 to éro-
vide a piston of suitabie diameter. If desired, the bore
77a of the stem may be restricted by reducing the diameter
of the bore, sey at one or the other of its ends as pre¥
viously described, or a screw prifiee could be threaded
into one of its ends. However. it may be desirable to
provide a flow restrictor in the form of replaceable flow

bean 84. Bean 84 is daptured in sealing engagement between

the upper end of stem 77 and downwardly facing sheulder 85

formed in edapter'78 below slots 76. The flow bean is pro-
vided with a bore 86 therethrough of suitable orifice.
The flow bean may be readlly replaced by another bean when

such becomes necessary.

C



V|ded mnth a-bore 86 therethrough of SU|tabIe orlflce The flow bean may be
readily replaced by another bean when such becomes necessary. A sp
90, preferably a- stralght helical coil co pression spring, is di spofde
within enlarged bore 41 of the main body- ménber 30 and surrounds the ¢
77 with its lower end engaged with the upper side of stemflange 5 80 and
i ts ugper end engags@nmﬂd1aﬂwwpwﬂfﬁyamhylmgsshamhhtdheléaaﬁ cwaiIn dumeky
menber 30. Thus the spring applies a bias to the valve stem 74 tending to
_-nalntaln it | pressilomweapgioss £ | s dbsphesedh WhtREigueelarwedh howe |4werf si de
of its flange engaged with the upper end of plug 33. Thus, 10 the valve
stem s | ongi t enmRaimpvoedshtmenber n3 ¢ eand nswnsoundscthen su:pm 79 fwidye 80
engagi ng the plug _and in the other direction by . its ball closure 72
engagi ng the &&&t lewexs Qﬂ%@ﬂ@ammlth thgurepsr sidespfi wFagp Hangr
made of SU|tabIe strength to pro- vide the characteristics desired in
t he val ve. 3Th&0 ré&élﬁééIQBRFRﬁeQ¢m?%ﬁﬁ9ﬂﬁ with dewawarsdlyd faqing #houl by
the size of piston_81 and the differential pressure at which the valve wll

be desired todF§363n6’ Mm@ ins bady dremper ¢ PrredTW‘th§est5P§r’r§;‘t9h agelffta
| ess than max ‘one 0 or _nor e S adged Iapg re s r|ng
oad i 5 Peedeblaffgvﬁmfef thery veesfﬁ?mﬁ %éﬁgw ShmadnEagne er sfm
S .
E?‘éw' ng and al8vE dﬁh?@%ﬁé&%”““ﬁ%?ﬂ? %s#&fﬁli? SR 3HE T fi ?I%i/v
84,
t ﬁ;:dev. co o5 ERATHENSE, AR AT THOK SRS CEPPUR BE BF B1EY BP0,

10 the valve stem's longitudinal movement is limited in one

direction by its flange 80 engaging the plug and in the
other direction by its.ball closure 72 engaging the seat
60 as clearly shown in Figure 5.
The spring 90 can be made of 'suitable sfrength to pro-
15 vide the characteristics desired in the valve. The required
 load of the spring will be dictated principélly by the
&4 _ size-of piston 81 and the differential pressure at which
| the valve will be desired to respond. It is preferably
o formed with a strength somewhat less than maximum with one
20 or more spacers added later if more spring load is needed.
Thus, a single spring together with'suitable.spacers may
suffice for many differing insﬁallations. Sﬁch spacers
are shown in the drawing and are indicated by the numeral
88. These spacers, like the flow bean 84, are readily re-
25 placed by disassembling at least a pértion of the deviée 25
and reassembling with the desired bean and/or spacer sizes.
| It is readily seén that lift_gas'may enter the device
25 through the.inlet slots 39 in the plug, flow upwardly

through bore 38, passage 75 of the valve stem 74 and exit



4

It is readily seen that lift gas may enter the device 25 through the-inlet
slots 39-i'n the plug, flow upwardly through bore.38, passage 75 of the

valveAq;§w174 and exit t hrough sl otg~76, flow around the ball 72, ‘
(bet -%g/the ball 72 and the wall 43 of~t he body), flow through the bore 61
of val V& seat 60, through bore 49, and exit the device through the bore 48

S%SS;JEF;”&nf%aﬁﬁpigse%'sgﬁgﬁg'@&%ﬁ fﬁfzh;fn"gﬁﬂli i ;Vﬁlﬁ's%es%‘ﬁ,g : ul LE"? n o
| - . 39. ' t
devi ce iﬁtéi? S Epéﬁﬁggﬁeﬁﬁﬁ%‘fgﬁ’c’?ﬁ B el Eiﬁggt%vpﬁ%& S's the

_ it RS s
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stated, tepds;tQ FREBLER Pt Q18 N PP, POGL ti 8RRE3NQWR g i q%gse:lg%

Back pres- sure fromthe tubing acts in conjunction wth ‘the [oad _
spring 90 §£56i B9 £ArBRYE Wi Al lORDESLBO2iELOBas TRE GRS Of i fL

gas in the casing and upstreamof the flow restrictdor in the valve stem

applies a Hhgh §2st B8 Rowautte diritn ehé| 0EBiAGLCHBENE anTiilad G i S
equal to the casing pressure (at the valve depth) tinmes the area of the 20

pi ston. TheheiwédN kabdnkaitoudtoSthd i lugrtppeemadeklit B .plug 33, its ..
exterior surface as well as the cylinder, or the wall of plug bore 38,

bei ng careful | phéofaee pathH ithrdherh ttherdevieeaisecalmokes pelrfiectlae
sliding fit. At the sane 25 time the valve stemhas a loose fit in body .
bore 40 ab@ueaightsprhm@eQOthﬁnnheiﬁg}¢m£$suus as tbethpr cagec hatdier W/
10 most such devices. The lift gas only makes but a single |
jog as it veers momentarily to bypass the ball 72.
The spring 90, as previously stated, tends to maintain
the valve in open position (shown in Figure 3). Back pres-
sure from the tubing acts’ in conjunction'with the load of
15 spring 90 tending to move the valve to open position. The
pressure of 1ift gas in the casing and upstream of the flow -
restrictor in the valve stem applies a bias to the piston \
tending to close the valve. This force is equal to the ‘ :;
casing pressure (at the valve depth) times the area of the
20 piston.
The'piston is a rather close fit'in bore 38 of the plug
33, its exterior surface as well as the cylinder, or the
wall of plug bore 38, being carefully formed and finished
to provide a very close but free sliding fit. At the same
25 time the valve stem has.a loose fit in body bore 40 above
the spring 90. Thus, the pressu:e in the spring chamber
and exterior of the valVe stem will be the same as the pres-

sure existing between the flow restrictor (bean 84) and

the valve seat 60, that is, in body bore 43 below the valve



and_extefior of the valve stemw || be the sane as the pres- sure_exi
between the flow restrigtor -(bean 84) anf t he val ve seat 60, tha .
body bore 43 bel'ow t he val ve seat 60 éh when the val ve i s\®&pep’ as
seen in Figure 3, the difference between tublng and casing pressures. acts
across the cross-sectional area of piston 81. When the tubing 5 pressure
decr emges suf§eatef®ty, this differential pres- sure beconmes sufficiently
high to overcone the bias of spring 90 and the valve will begin to nove
toward its closedtMS: t VRN §$BENnVRAVE d§ OPSn WRerBeer im BiowrecBestheas
seen in FIgu%ﬁ“é% t he bag 10 72 gg sealbggl engaged with seat surface 63
of seat 60 a %ﬁ%n%ﬁ PEWCRRe tUPFB IR %ﬂﬁ{ﬂﬁ$9r?%r§%Fstﬁﬁﬁ°§ﬁe
cross-sectioqﬂ! f t bore 61. S t b e i's sone er t han
cyl i nder bore Egégi ﬁég TORRus 2 GAen £ |WP%Wthﬂ BB Fgon,
the differgen P o r a l t ha at _across
which it a0t ST 5"%%&%% Fyased %ﬁf%%s%%?;&%@ A9 s oilialpedtr o
according to i o] 0 5 nch draneter
U HAUEHLS OBy sk 818082y éﬁyﬂo% L ife S bLLD Gk

wWith a cross- sectional area a square T nch: eat 20

menber 60 hadgy ey & Glasd éﬁé“v?i@gﬁhﬂl &?ﬂ-ﬁlt‘be nﬁd\f%e 4% %&Oﬂrﬁm ed the

sharp corner of this bore to seal the passag roug e area

sa&Led by thuadggae§asf@y@hlngegnc&gsglgggétymﬂ area approxi mately 0.1104
square inch. 25 Wien such val ve is Open, the differential pressure

acts across the ain ofh®i ¢4DPe8isOblbBedCyls Mikn B & {4fed $ethe ball
i_‘\J

10 72 is sealingly engaged with seat surface 63 of seat 60
and seals an area the size of or very slightly larger than
the cross-sectional area of seat bore 61. Seat bore 61
is somewhat larger than cylinder bore 38 of plug 33. Thus,
when the valve is in closed pOSLtlon, the differential

15 pressure acts across an area larger than that across which
it acts when'the valve 1is in open position.

In a valve hanufacrured according to this invention,

the area of the piston was 5/16 inch diameter with a cross-

;J sectional area approximately 0.0767 square inch. The seat

20 member 60 had a bore 61 of 3/8" diameter. The valve clos-
ure centacted the sharp corner of this bere to seal the
passage through the seat. The area sealed by this.contact
equaling a cross-sectional area approximately 0.1104
square inch.

25 When such valve is open, rhe differential pressure acts
across the area of piston 81 or the cylinder bore 38 of the
plug 33, or 0.0767 square inch. And, when such valve is
closed, the differential pressure acts across rhe area of

sealing contact between valve and seat, or an area of
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di.f f epes
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600-352 o
di fferent

the casing pressures act across a common area (the area of the piston 81),

the sprin

pressure
t ubi ng an
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or 0.0767 square inch. And, when such valve is closed, the -

thie pi ston. For this reason, tTe valve, after it has been closed

| al pressure acts across the area of sealing,contact between val ve
AOr an area of 0. 1104 square.inch, an area abbut ‘'1.44 tines as

fferential pressure acting dacross piston 81, will 5 remain.closed

: _ i th bi . i i |

BB Rere 3B Tt Toguinit F ot FobBRoaval o598 Sdure o
i,on. Al

3#%?&%%?L3§'mell It mght. 10 And, of course, the above figures

t o enabl et he

of this, of course, is assum ng that the casing pressure

) SRR LS SR ekt RTINS, Sl e

g pressur € tenalns pounds,

> | : _ LBounas.
%ﬂ@iﬁ% H&f%ggréﬁﬁlh'lmaprté&’sd@é V&% ,néﬁesgvgﬁsftewrﬁ, wilgl ose

_ - [err] "= 352 psi. : e tul _
GAgthd\on PEESSEACWIthRRE Riyol Bl dieidi A& ENbLAL BreSEULR | S
r 248 psi. So, the valve'in this exanple will close when the
il s €59 HE Rchenedyi,0 t&rble 26he tubShgcpriskhirkhanaubi ng and

I ng pressure 1s 352

chwvepning htoddf tegetherd td mdwe hthdevabvegeclbeaee toNote that -
the spring load of 19 pounds acting against the piston 19 area offsets a ‘o

apen (pdgbEion.or A48 gfsithidd, of coursesi isl assominegr thadt h
d casing pressures .

the casing pressure remains constant, as well it might.
And, of course, the above figures hold true regardless of
the annulus préssure.

In the example just given, if the casing pressure
remains at 600 psi and the spring load is 19 pounds, the
fubing pressure at ghe time the valve begins to move toward
closed position will be: 600 _/ﬁ§%;§§5= 352 psi,

Thus, the tubing pressure is 352 psi, the casing pressure
is 600 psi, and the differential pressure is 600-352 or
248 psi. So, the wvalve in this example will close when the.
differential pressure rises to 248 psi.

Since both the tubing and the casing pressures act
across a common area (the area of the piston 81), the spring
governé the differential at which the valve closes. Note
that the spring load of 19.pounds acting against the piston
area offsecs a pressure of /FET%%?T—J’ or 248 psi.

In a similar manner, both tubing and casing pressures
act across the sealed area of the seat when the valve is
closed. Thus, if the spring (now more compressed) exerts

a force of 22 pounds against the seat area of 0.1104 sqguare

inches, the valve will open at a differential pressure of

o/

>

O



the spring (nom/nDre conpr essed) exerts force of 22 pounds agai
seat area of -0.1104 square i nches, the J i

pressure of = 199 psi. Thus, t he t ubi ng pfessure at val ve open|'c\MII
be 600 - 13?,-9ﬁ5&£| = Wy.pdfle VBhE, | Bnentanexmplasthide @losa e 2

di f- ferentf8klpPéssure of about 248 psi . nét “cycle, 5 but will
remain firm ypehesn |ﬂmlbérgnahifpggn@tahopr gl sure is reduced to about
199 psi, at MEICh ifferential pressure it will open. The valve is normally

open and wi || pamujsl,f tehgasrd Iven imetkbsi egainple Whalt ¢hioss tat aedtf- t he
colum of fluids 10 therein to aid in lifting themto the surface until the
| oad of suchfepkntialli gphrtessmurnte dficalpoant 24Bepeit he Iffr ed-llsmoE tdyerlenf at -
the valve is so lowthat it is less than the casing pressure by the

di f f er ent bal bnequiiddd nemaciro stinmky vel 9eed ounsibduthed g iffierenttisdq sy,
the well fluids 15 nust. rise in the tubing to sufficient height to exert a
t ubi ng pressangeodst keduaede b atoue Y9I psi.tstpwhiche diffiqrantdal al of
199 psi and open the valve again. It shoul'd be understood that when the

di fferenti al PpPESUreuAE mddche@Pefuf fici ent val'ue to cause the valve to

begin 20 its novenent toward cl osed position; _it nust rise even higher to
" cause the val ve F'Benﬂ\?é-"f%rltsné}m?%a%%&t°H?Peéf‘fiowll’]‘hi9§'°‘lssiﬂe‘ﬂ%\

o arance s bheyensAe, dEN ok uipfes "EncReERTe HAS AHISHECAA E IS ey
tq~35 C'YSGdt 8%%559%0'21 ‘§§ 11%@338”%% %Ee%kgn%%r %ggyﬂktll the
load of such column lightens to the point where the pres-
sure thereof at the valve is so low that it is less tﬁan
the casing pressure by the differential required to close
the valve, or about 248 psi. Subsequently, the well fluids
15 must rise in the tubing to sufficient height to exert a
tubing pressure on the Valve of about 401 psi to provide a
differential of 199 psi and open the vaive,again.
It should be understood that when the differential pres-
k)= sure reaches sufficient value to cause the valve ﬁo begin
20 its moﬁement'toward closed position, it must rise even
higher to cause the valve to move farther in that direction.
This is because such movement increases the compressiop of
the spring, thus increasing the resistance to such valve
movement. When the valve has moved about half way to
25 closed position, however, the annular clearence between
_tﬁe ball 72 and the seat lip 60a which now surrounds it
becomes so;reduced that the flow stream is pinched or
~ throttled, thereby causing a drop in pressure therebeyond

while pressure begins to build up upstream thereof. With



the ball 72 and the seat |ip 60a which now surrounds it becomes so reduced
that t fl.ow streamis pinched or throttled, thereby,causing a drop in
press ther ebeyond whil e pressure begins to build up upstréamthereof.
Wth ry little delay, the valve.q n is noved the other half of its
travel ~0 fully closed position, furtheér conpressing the spring. hbma{%b
.- please refer_agai o ki gure 0 raa.ng. 5 | i fL. Vv

~and 22 ar evégvgégsﬁet ﬁ?%%de%&’e%-‘%:ﬁf%e%@r%lsnl,nogﬁg g?% &%léelrdglra\e’l? for
t he monment , -t e.l ti gal t i L 2 = 2 ;s 8L so,
| et us sup%%sgtghgkg\%%lll q:%0 %Q‘sll{]ﬁ%ﬁ%%%n{) {D:?)Yrrglké? éd§§%fa: htéﬁ:g;g O:r)%tﬁe%%@
tubing 13 €ﬂ% %Bfiﬁ@@“'“s 15 are full of 10 salt water having a pressure
gradient o .5 psi “per foot of depth. For the sake of sinplicity, let us

further assuneybfat phbaseeldefdsd lagu Odlues PREHLRI 10U $3:d Mal®ingd th a
gradient of 0.5 pound per foot. If valves 20 and 22 are each adjusted to

cl ose when thegdif LeFentiadlvdy €55 Wl a2 -adé vAUves' @FS tHieryge Zdkpounds

"~ per square inch, then, at closing, the spring | oad acting against the 5/16"
pi ston (arepibe8. RéBéinguUaMA idreh)considéred?258ox @h@7@mbmentd, id ywunds.
The valve will nove an additional 0.21 inch (approxi- 20 mately) before
engagi ng thdenbivalseat the foree LKt avdllvéi 25a0di Figmales2~GEntAl sy eases. .
the conpression in the spring. If the rate of spring 90 is 12.5 pounds petw
inch, its letdushsuppbses/dihat iwveXlll1§ hassgusui beepecorplieted: qrkP. 5 x
0.21) = 21.8 pounds. 25 Accordingly, the differential pressure .
requi red tthapehoth the tubing 13 and the annulus 15 are full of -

10 salt water having a pressure gradient.of 0.5 psi per foot
of depth. For the sake of simplicity, let us further assume
that the well will produce nothing bﬁt salt water with a
gradient of 0.5 pound per foot. 1If valves_Zd and 22 are
each adjusted to close when the differential pressure act-
15 ing across them is 250 ﬁbunds per square inch, then, at
closing, the'spridg load acting against the 5/16" piston )
(area = 0.0767 square inch) will be: 250 x 0.0767 - 19.175 \J 
pounds. |
The valve will move an additional 0.21 inch (approxi-
20 mately) before engaging the valve seat surface 63, and
this additional movement increases the compression in the
spring. If the rate of spring 90 is 12.5 pounds per inch,
its load when the valve is fully éiosed will be: 19.175 +
(12.5 x 0.21) = 21.8 pounds.
25 Accordingly, the differential pfessure required to open
the valve when the spring is applying a load of 21.8 pouhds
against the vélvelclosuré now engaged with the valve seat

sealing an area of 0.1104 square inches, will beiD

/ .21.8 / = 197 psi (approximately)-i



t he valvé when the spring is applying a | oad of 21.8 pounds agai nst the

val ve cl osure now engaged wi.th the valve seat sealing an area of 104
square inches, will-be) [err] = 197 psi ﬁgpproxinately). It eadi | y
seen then that the valves 20 and 22 wil+“each close at a differ al'.

pressure of 250 psi and will open at a differential pressure of about "197
psi. % placing filtte igasrdadilyasees thenethatOthehwalloess 20vaing 23/al ve 20,
woul d be placed_at a depth of about@éGOO - 50 / = 1100 feet. This

al | ows 50 psWifldr eaqh wjlase fakked iiEEerentind poessyrealofe 25MInsl Znd
woul d be pl aced _bel ow val ve 20 by a distance equal to the closing .

di fferential Watl p@ero 2% & AL EFSrembial PrRESRESsofe adond 47 @S- 5, or
[err] = 500 feet. Thus the valve 22 wuld be placed 5Q0 feet bel ow val ve
20 or at a dept hL&¥ ng W-gi%cbly\?EeY?'Jb-Yfﬁelml wed Iy 4eLRHOMHWP al so be

"nio the fiel P4 BanTAIe el #n THELL oF cBLaERoREn 2aemEH) AR Thae |1 11
I nto e n .
I 20 and 2 Db b t he di i al th '
{han the ol e ORO ot of {PL0vPoEs. ThiR,BLLPRed0 Bt KPRy o opon

-and salt watel,l.ssues fromthe tubing be- cause as |ift gas is slowy and
careful ly angPéggt%aﬁ#-%ﬁnﬁﬁ %hf%é salt water U-tubes through the open

valves. As the s walerdhddiee, 1162800, L01bURNG 004 LI Uretbe

fromthe well, theflui evel-1n € annu presse casri ng
pressure is gpagyabl ¥idGGasednif1 to the closing differential of the

~ 10 valve divided by the pressure gradient of 0.5, or g?g = 500
feet. |
Thus the valve 22 would be placed 500 feet below valve
20 or at a depth of 1100 + 500 = 1600 feet. Other like
valves would also be placed at 500-foot intervals below .,
15 one another. ' |
Lift gas in injected into the well's annulus 15 at the
Lo 'surface through a small choke. Gas lift valves 20 and 22
are both open because the differential across them is less
i . than the closing differential of the valves. Valves 17
20 and 19 are open and salt water issues from the tubing be-
cause as lift gas is slowly and carefully applied to the
annulus, the salt water U-tubes through the open valves.
As the salt water U-tubes from casing to tubing and is
produced from the well, the fluid level in the annulus is
25 depressed and casing pressure is gradually increased to
600 psi. When the fluid level in the casing is depressed
"to 1100 feet, gas enters valve 20 and aerates the fluid
column in the tubing and decreases its density. The gra-

dient in the upper 1100 feet of tubing becomes considerably



600 psi. Wien the fluid level in the casing is depressed to 1100 feet,. gas
enters vgkve 20 and aerates the fluid colum in the tubi ng and decreases
its denglt QE‘ The gra- dient in the uppgf 1100 feet of t ubi ng becones
considei? |l ess than 0.5. Salt water continues to U-tube through val ve
22 and a v other like valves therebel ow. The gas |n the annul us reaches,

~val ve 22, Z_r%%r }r#(ft%adgds aergigs %eey BBQtJBue e B thetllmabove Now,_.:

“ both val ve 2 are 1njecting gas into

decreases (b8 BNy ﬁg ¢ CJT— yekéeanvteeattﬂ 2%%1202‘»?. e t ye's set

differential pressure, oses. Now, valve |nject

gas into the te RGO ge opé@@naar@aiebt 2pat %térfs l@faehqaf Pi0es GRS i ft

val ves bel ow 10 valve 22, they wll cone i Nt o play and e operated

aut omat i calghw jdntiinl €Hee mkﬁ@gtﬁéyeebbeéel Now el v ddrez oebha

stabilizes. After the well has been "kicked off " or "unl oaded" and pl aced

on prodsct eanariehd it tihgr g6 Uigt6ashbe tudinth duggd ido desdFrefbesand the
250 psi differential of the valves will continue to enable the valves to

operate w thet kabin)bifegdurspast ngalter 200chadetial |Bbdditsd riled i PAEvENggas
lift operation and the spacing of various gas lift valves for the many 20
types of isetadififerentiil qetessura,gbhdsgdt kilbisgmnuaiowhord vde20

consul ted. A good book on gas lift is that en- titled "GAS LI FT THEORY ANQ_J
PRACTI CE, " chptbnueertd tirfjedr ogms Eodd bthet tabReagr dice prddupeasotrag
Departnment at the University of Tulsa, Tulsa, Cklahoma. 25 Shoul d

backf | ow oEadkit Mﬁﬁ@mghtIﬁaEﬂﬁr$|$tevath3r gas lift valves below W

10 wvalve 22, they will come into play and will be operated
automatically until the working £1luid 1evellis reached and
the well stabilizes;
After the well has beeh "kicked off" or "unloaded"
and placed on production, the cesing pressure can be re-
15 duced if'desifed, and the 250 psi differential of the
valves will continue to enable the valves to operate with _
their 500-foot spacing. - ;J
For more detailed instructions in gas lift operation |
and the spacing of various gas lift valves for the many
20 types of installations, et cetera, a good gas lift manual
should be consulted. A good book on gas lift is that en-
titled "GAS LIFT THEORY AND PRACTICE," by Dr. Kermit E.
Brown, Head of the Petroleum Engineering Department at the
University of Tulsa, Tulsa, Oklahoma.
25 Should backflow occur through the gas lift valve, the
'floating seat membef 60 will move toward the valve closure
72 and seat thereon to stop such backflow. This is shown

in Figure 6, which see.



floating seat’ menmber 60 will nove toward the valve closure 72 and seat
thereon to stop such backf low. This is shown in Figure 6, which Afs
Waen backf | ow’ devel ops, the valve closur@’Ls already inits fullégg?! ‘or
| ower nost position. Gravity tends to nove the val ve seat 60 downwerdsy”. and
this npvement is aided by the backflow Wen the seal _ring 67 on_the seat 5
reached=t he | oner WBRPr BACKEIOW Have P 1R Yl Ve beld9sHERDES 3drepfYmay

e ohon! ok 468 ASst e St Shermtdes oot Eican oRSensticBentBlT b
so close to the ball z& that, the flo (Lh rebet ween i s 12 i nched and t.he
differential pPeB8Ufe aEt I'f Wﬁn%ﬁﬁ?¥éll %ﬁ&wﬁﬁgiklﬁngn PS§S@9V§W& difpt | y
th , ' t it ' th | ], i,n Fi 6.
Then 11 ow occhid®a k¥, TRE BAAMIAY P" il oo ' 085 Dor LnB® 67T B, EheL sWALE |
toit I aye h . . : distinct
advantage §n Togehesy Fut Jhel clitedp bl G5e haPd 24 SBCke BadalbRBY L
serve not onlye@ses 583t MY SO %&%ﬁigﬁwggazgggg& Kaereninave

a tortuous flow passage through- or ~aroun rovides a

Straight'thrOﬁ?hofnBBrEOQBQP%haﬁ“ﬂ§¥“£ﬁﬂﬁ§thaP¥’Pééiﬁ&eshauhﬁéerGm*ﬁ
bore 61. \Wen the valve 25 is installed with its upstream end | ooking,
dowawar d -as igow&eds,i Btl keid RS . t18 avip Ve @RPbEeeha §eASt @llL1bibes to
t he val ve seat nenber 60 tending 25 to nove it to backfl ow checking
posi ti OE. | fsbtclosdetbr ethe GAlICrERSEhStICEhe| f5owr tharebeeqkeent ig val ve
i n\anot her '

10 pinched and the differential pressure acting across the

seat quickly increases and promptly moves the seat to ité
seated position against the ball as seen in Figure 6.

When flow occurs again in the normal direction, the

seat will be returned to its normal position shown in
15 Figures 3 and 5.

There is a distinct advantage in having the valve seat
60 slidable in the body so that it will serve not only as
a seat butlalso as a check valve. Most check valves have
a tortuous flow passage through or around them. Seat 60

20 provides a straight-through, non-tortuous, unobstructed
flow péssage in.the.form of bore 6l.

When the valve 25 is installed with its upstream end
looking downward as is shown in the dfawings, gravity
applies a constanﬁ bias to the valve seat meﬁber 60 tending

25 to move it to backflow checking position. If it is desired
to increase.such bias 6r to operate the valve in another
position, such as an inverted position with its upstream
énd looking upwﬁré, a ﬁalve modified as seen in Figure 7

is to be preferred. In Figure 7, the modified gas lift



position, such as an inverted position with its upstream end | ooking-

upmarﬂ“aﬁ‘valve nodified as seen in Figure 7 is to be preferred. In Figure
7, thefpOehfied gas |ift valve is iyi.cated generally by thereference *
nurer ak 4256. Its sub 136 is provided h a bore 149 which may be con-

si derab deeper and a little larger than bore 49 of valve 25, and thIS

" Sor oot CTHEEEsR, SR TRRAS SpRLEI B bRt gt sERLA 5. 7
DT oape otth! Ein i3Rias WAl i Hleh'd 6OHDT S8R HIBPRA L A0

of seat 60 Seat “Spring I's place ween omnmar oul der

150 and t he; 4epen1gndebflOladd sy Sffétf@r&aéaerbghag%o&% APl ARt ant

bias to the seat nber “tending to nove it towar e valve closure 72

regardl ess29f ¥hECRhYAY IR idpoVRIPE NS d@wﬁ&&raﬂ9rQQ&lnﬁa%HdJﬂdéE“Ves of
the type descri bed her ei nabove wi ||l operate automatically after the well

has beep un$oawRichSisapdefddaOntatitigpt ) doheovalee tslé@ltglmérdweﬂoressure
of the lift gas in the annulus may vary over a w de range because these

val ves operepeignfokmed hiiditenicss heppeenendefavli g 0apdrdiaps WS JESKeIr es

rat her than being operated by pres- sure only. 20 Such val ves as

descri bed hesadeabehanwithath@f ity opentéerpartemthiecapperaendisfacent i oned

such as well 10 having valves in a single tubing string, but they are welNy/

" suited forofisseat 60.ti pl sest |spmimg el T heysnpiabedudbetwernn downvdidly of

tubing strings sinultaneously. Thus, a 25 well may be equi pped with any

r easonabl ef acihgr sbbuldiemd X rdnd sthavitpgesuendgad 0l oft thel \seat imeet n.

The Vé{gesber 160 to apply a constant bias to the seat member tending

' to move it toward the valve closure 72 regardless of which
way gravity happens to act thereon.
Gas lift valves of the type described hereinabove will
operate autdmatically after the well h;s been unloaded
15 and will continue to do so even though the préésure of the
1lift gas in the annulus may vary over a wide range because B
these valves operate on the difference between the tubing \/
and annulus pressures rather than being operated by pres-
sure only.

.20 Such valves as described hereinabove will not only
operate automatically as just mentioned such as well io
having valves in a single tubing string, but they are well
suited for use in multiple wells where they may be used in
a plurality of tubing strings simultaneously.  Thus, a

25 well may be equipped with any reasonable number of tubing
strings héving such gas lift valves therein. The valves
will be spaced according to the cohditions'attendant with

each.string of tubing, and almost assuredly their spacing

will be differerit in each tubing, causing the valves to be



tubing, and al nost assuredly their spacing will be different in eac

tubi ng, causkng the-valves to be Iocaggg at scattered levels in Y

well. Also, the opera- tion of the varif . val ves in the various tubings
w |l surely cause the annulus pressure to vary considerably. Even so, the
val vessw | | ' u kCcakl . t @ﬁéQ@@éﬁg-a
single or a %u%%%% é\/\gl%Pglé?éﬁleﬁgu}ggggbd%heigr?ﬁg?rﬁled%vﬁé the l1ft gas
i njected intqidie SIS sk ovhy dalvesefiar abley vialriogh wukirge wdllimit
such injection, lest the Iift gas be injected too fast, causing the
differential s(i{z%?%r&ﬁué@ theeasnddasl pressure 1o vidry \@neiderablyose al |
of them Should this happen, it may be necessary to bl eed gas fromthe
annul us to refluge dde e Urasvesesilleconatinmemin caierdte anoohasioalhyt he
tubing at the surface to equalize pressures across the valves, or to
pressuri zes t he t uthewhetr unldadihg medingleheori® didXtsimie iwvelleo Where the

w | |- be:spaced according to the conditions attendant with each stri
ﬁi

valves will open before starting the unloading process over again.
Referring to shapkd e donesusbunrikddyawdddl the 110D 9as dlripahedt LBEPl y
illustrated. This well is provided with a casing 201 perforated opposite a

| oner zone asthet @NEDEs antowpposnde Prefenadly, dhwranghita Xoke £ dimit

t ubi,ng string 204 conmmuni cates with the | ower perforations_ 202 and the
second t ubi ngush i injecticnmiastathe Wift RS RHANIRGEH EPBnE2SK si ngl e
packer 206 seals between the tubing 204 and casing at,a.lgg&%éggybetmeen

the two sets afugingether difEaFeNA1IGdaPERENECDFP L5 t fEross

tubfngs (204 e T d dni"81532 My TPLES Y SV {14 PR pen, it
may be necessary to bleed gas from.the annulus to reduce
the annulus pressure, or communicate the annulus with the
tubiﬁg at the surface to equalize pressures across the
valve;, or to pressufize the tubing, in order to reduce the
15 differential to where the valves will open before.stérting
the unloading process over again.

14/ Referring to Figure 2, it is seen that a dual well 200
is diagrammatically illustrated. This.well is provided .
with a casing 201 perforated opposite a lower zone as at

20 202 and opposite an upper zone as at 203. A first tubing
string 204 communicates with the lower perforations 202
and the second tubing string 205 communicates with the
upper perforations. A singlé packer 206 seals between the
tubing 204 and casing at a location between the two sets of
25 perforations, A dual packer 207 seals between the tubings
(204 and 205) and the casing immediateiy above the upper
perforations. The annulus 208 extends to the surface
where a wellhead 209 seals the casing around both tubings. .

A Christmas tree represented by master valves 210 and 211



" seal

casi ng around both tubings. A Christmas.tree represented by

mast al ves 210 and 211 connectsdigg t ubi ngs: 204 and '205 to-flow |ines »
212 and 213 having wi ng valves 214 an 5, respectively. Tubing string 204
Is provided with a plurality of gas li.ft valves such as valves 220 and-221

as shown angd i éugoéubfnﬁgozbdegnw bl sa o LmJaJ t:yuﬂ;s gps2 ldhd val was

such as valves 222 and 223 ese valves are spaced according to good gas

lift practixes Hffi fvbf:h Nrafpesaklanaad 2as .f eesgeddaiapgd. A lift gas

|l i ne 224 having a val ve 5 I's connected to 10 the annulus at the surface
to supply gas fribidy Ssﬂﬁﬁn«bl2040Q§rptbvﬂdeﬂé|d1t2{)& el 1Y osflegasn the
same nmanner as was well 10 of Figure 1 and either or both tubing strings
may be usedifit d@lvgesosudghcaer allyesnkRP 0oaad A2lerad hshowrt ladd balsihgen
unl oaded, the valves will operate as they are needed and will do so .

i ndependentlOp dfs gandvidédrwithca pdokalditye afs gagerlify vyledés such
differential pressure across it and each is opened by fluid rising in the
tubi ng. Thas, vedotes/a222 and| 2@3ss Fhesenivplatesn ane spaced saceeu@iing 20
And, these valves will continue to operate automatically in spite of

excur si ons ton g@eduIgrs pkeEtupraatigesoforeef ficiientl opzration g3l bes
enbodyi ng the present invention are also useful in wells equipped with si
pocket mandoXss explaingde 8 diagrammatically illustrates such a well. Vel

300 is a single well conpleted in a_conventional manner,
: A lift gas line 224 having a valve 225 is connected to

perfzggééons. The annul us 208 extends to the surface where a wel | head-209

\~/
10 the annulus at the surface to supply gas for this gas lift
operation.
Well 200 may be unloaded in the same manner as was
well 10 of Figure 1 and either or both tublng strings may
be used in doing so, preferably only one. After the well
15 has been unloaded, the valves will operate as they are
needed and will do so independently of each other since
each valve is operated by the differential pressure across N/
it and each is opened by fluid rising in the tubing. Thus,
each valve will pass gas only when such gas is needed.
20 And, these vélves will continue to operate automatically
in spite of excursions in annulus pressure as before ex-
plained.
Gas lift valves embodying the present invention are
also useful in wells equipped with side pocket mandrels.
25 Figure 8 diagrammatically illustrates such a well. Well
300 is a single well completed in a conventional manner,
having a dasing 301, perforations 302, packer 303, tubing

304, wellhead 305, tree 306, flowline 307, wing valve 308,



havi hg a casing 301, perforations 302, packer 303, tubing 304, mellé%%b
305, tree 306, flowine. 307, wi ng valve Q§, Tift gas supply Iine-389,
and val ve 310. .The tubing is equi pped wi -a plurality of side pocket .
mandrel s 312 and 313 having of fset receptacles 314 and 315, communica- ting
wi th the anndids JeG t3unppinh lineraPdpoand vatvendly.318hendukknigigigas
lift ‘wdl ves 319 and 320, respectively, installed therein to control

adni ssi on of e¥iPRAS Witk 4h@l%%lhém@fasad?npppﬂqatng\ammelgﬁ odkkts to
the surface, far thus producing the well. These _gas |lift_ valves are spaced

in the nannePngeﬁﬂé%lﬁiiﬁ%ﬁr@ﬂgsﬁﬁdr?ﬁﬁpﬁéFﬂe§s3gé @doadetr ARIBIEERA on
Contain Che S0 WO hE HRGSLEA SAE SAFOBGRoIEREseY PaRES A bbERbur
I Thstrat 8 210aRed AAFAE AR, TLEEPETVEs TRH ARl rasnin ¥E1L,

the val ve Joinsta el SRErLH OF, EORErBLTRAR siign QB LAl Had PLigES O
Gifters fromtie FUSRF & 481 En 'FREREAD VBT BYCBubedito cne ‘Ralface)

different, bebpo AN'Shd . £A4 ¥ndopkiIg [ TRUSe! GasSqali LA gud bel ow

the lateral port neans e” pocket nandrel r ptacles su as t
seen in vell g38@ed liystrad GhhhfleF| BEESr8: eXplained!Nand Yhe33Rpd ide | ower

end of gas |ift valve 325 is threadedly attached as at 332 to the | ower end

of _the nBon hadyad@d eind G Bdded a6n apPbdiidtiont ial the' tadineyy |He¥i¥e
explained. | .

Gas lift valves 319 and 320 may contain the same ﬁech-
anism as in the valves previously descfibed, but they must
be adapted for use in side pocket mandrels.

15~ Figure 9 iliustrates a Valve such as valve 319 or 320.
The valve in Figure 9 is indicated generally by the refer-
ence numeral 325. The inner workings of the valve 325 are

. identical to those of valve 25 seen in Figures 2 and 3, but
could be like those of valve 125 seen in Figure 7.

20 Valve 325 differs from valves 25 and 125 in that its
upper and lower ends are different, being adapted to carry
packing rings for sealing above and below the lateral port
means of side pocket mandrel receptacles such as those
seen in well 300 illustrated in Figure 8.

25 The plug 333 at the lower end of gas lift valve 325 is
threadedly attached as at 332 to.the lower end of the main
body member 30 ahd has a blind céntrallbore or cylinder
338 in which the piston 81 at the lower end of valve 74fis

slidably received. Inlet openings for the upstream end of



338 in_which the piston 81 at the |ower end of valve 74 is slidably -
receiv Inl et openings for the upstreamend of . valve 325 are provided
by theﬁz§>rom/filter slots or slits 339, as shown, through which 1ift, gas
enters the valve. The plug is reduced ﬂﬁ7butside di aneter in the region of
the slits as at 340 to provide for free passage of lift 5 gas therearound

f.l owi ng bet yeeyt Ae grapds g;lir&&iatéd(ﬁythalﬁa%o &lm%@ IR 333 pgtH s

"l ower portion reduced Thn aneter as at 334 to fit the bore of packing

rings 335 andopr @ AHMnd, donryegsl ¥hiani fmslf%rgulsd@nb%@% Hrapagaipe conform

to 10 the packing as shown to serve as a fenal &€ packi ng adapter and save

space. A doghkepiRle jafladdicéd Ngn 36dtsiddi apamedictiteathd heegipperoand

| ower groups of packing rings 335 facing in opposite directions as shown to
seal in botghdi s2didsors 2 fea0l coppeéirigeadopt €red masHage sopl Biet 15
beneath the | owernost packing ring 335. The |lower end of the lug is

t hr eadedSasgats 3f2raadcap 3Blowingt batiwednashehmamdrelr gdartos t bl packi ng
in place and to guide the valve as it is lowered into the well as by
wireline to3b8 pénblighine iSkialled in a suitable | anding receptacle. 20

At the upper end of valve 325, its adapter 336 has its upper portion
reduced in di amBlag &3Hhthayoits loverhpouppon peduced s diametemyasge
exactly like the packing set on the | ower portion of the valve as_ just:
described. ¥hi 33dpper fkitrg berei ofi parkangd ripgisnd I%eand mwo @l 25
371. Reduced di ameter_ 370 _of  the adapter provides an up- wardly facing
shoul der 372 @ﬁﬂ@ﬂﬁﬁﬁﬁXﬂﬁﬁF%%Btﬁ€°BgBGF SQQKShPﬂ§@x$QﬂﬁﬂR§Rﬁm395 conforng_j

to the wer packi ng set.
£8 thg pacﬁ%ng as shown to serve as a female packing adapter

and save space. A double male adapter ring 361 is disposed
between the upper and lower groups of packing rings 335
facing in opposite directions as shown to seal in both
directions. A female packing adapter ring 362 is placed
15 beneath the lowermost packing ring 335. The lower end of
- the lug is threaded as at 363 and cap 364 is attached as
shown to retain the packing in place and to guide the A
valve as it is lowered into the well as by wireline to be o
removably inétalled in a suitable landing receptacle. ~
20 At the upper end of valve 325, its adapter 336 has
its upper portion reduced in diameter as at 370 to fit
the upper packing set which may be exactly like the packing
set on tﬁe lbwer_portion of the valQe as just described.
This upper packing set is indicated by the reference numeral
25 371. Reduced diameter 370 of the adapter provides an up-
wardly facing shoulder 372 which conforms to the upper pack-
ing as shoulder 335 conforms to the lower packing set.

The upper end of adapter 336 is threaded as at 374 for

attachment to device 373 (shown in dotted lines) by which



The upper end of adapter 336 is threaded as at 374 for attachment to | ce
373 (shown in dotted. |ines) by which t he val ve 325 is anchored in e
tn the sjde pocKet mandrel receptacle or:EB anot her suitable receptacle,
sucg af a bypass Iandgn? receptacle WhEn t he device is in place in the
mandr'e its u an et,s 5. wll I sp d aboyve, and

be: owsrhe | at'dihIvabye ¢ 715r a§f§)’% tlﬁepr'?'lfrﬁﬁe]rn tfgl%h? cg? ???Fgaas to

i nl et open- ings _ S enterin e mandr el atera
ports ma%/ flrld'ﬁﬁg’éfar%%ﬁdr?ﬁﬁp%ﬁgig o s & g%?tt Hal® ]; %‘g%%&%}l% in the
region of the_i e her t ough t he
vaLve nerham%ﬁﬁ N ?hg ﬁ%ﬁﬁg% égpgié p alne %#1|t§%%% Q¥Qa§%v£9é Fg
tubing. It shqu e o] h t v S d S ed
herein coul d e%%elggrrégg ﬂggﬁi?@ urs%sl ﬁixéas 1 &Ililé@éf ?ﬁeﬁmﬁgrgé\lﬁgl

product s %fevm;i ol 1 810H00ebNALLYR i WA G RO terafOpostchiuge, the

plug 33 at the [ower end val ve device 25 would be replaced with a plug

in which its &e“ﬁi@i QPrEhéaﬂaﬁBE'etlo N @ bt heif 0Vgas ee8 Qhlkkeopknsg as

seen in Figure 3 be provided with an ex- 20 ternal thread not unlike

thread 36a sefm;gnsskle Uppek 8ae @htRAANEtRS mAmdse Ioehibeghvakee coul d
then be inverted and attached to the lug 37. Since, in the inverted valve,

grayi ty woul didget#DopbresamaN €16 Wrannl tife tvabve atl vescersersal?, it
woul d be desirable, even necessary, to spring 25 |load the seat as taught

with respect dmngbsr| rétegsl 34 013n itHeidtegian ofi thguinl@t opepeingisnce
tn_/thread 32 (connec- ting the nodified plug to the housing nenber 30) in
t he 10 339 and enter therein to pass through the valve mechanism
in the manner before explained on its way to the well
tubing. |
It should be understobd that the valves illustrated and
Qescribed herein could be reédily modified "for use in gas
15 1lift.wells where well products are lifted through the tub-
iﬁg-casing annulus. For such use, the plug 33 at the lower
end of valve device 25 would be replaced with a plug in
which its central bore ran end to end and the lower end of
N | the plug as seen in Figure 3 would be provided with an ex-
20 ternal thread not unlike thread 36a seen on the upper'end
of adapter 36i This modified valve could then be inverted
and attached to the lug 37. Since, in the_inverted valve,
gravity would no longer bias the valve seat 60 toward valve
closure 72, it would be desirable, even necessary, to spring
25 1load the seat as taught with respect to gas lift valve 125
| illustrated in Figure 7. Also, since the thread 32 (connec-
ting the modified plug to the housing member 36) in the

inverted valve would now be subjected to a greater differen-

tial pressure (the same differential which exists across



i nverted val ve woul d- now be subjected to a greater differen- tial ‘pressure
(the same differential which exists across the fl ow, bean 84), it would
be -desi rable to seal this threaded co tion with a resilient ,seal ring in -
the nmag<er taught with respect to tHfead 34 at the opposite end of the
housi nmber 30. Alternatively, the gas Iift 5 mandrel 39 could be ..

i nvert | thehélbubibeanstddng, it nwehildhteagestitaes téfsexdl ¥aivoul d /7
remain upright. In either case, the valve would control the flow of [ift
gas from tbhereetfiedt cbinmpdtian thetbasi rgsfidridnd tdawl welhg pin- tlechan~-

t hrough the annulus to the surface. 10 15 -30- CLAIMS 1. Agas-lift
val ve for ment tahpitg wiltdw mdsppcti hvothreal 34 @t cinslushpost eemenkie
exterior thereof, conprising: a. inperforate el ongate tubular body neans
havi ng a fP6wthasbays ingemantretghOw t Alicarea tinmlsy at theegaadladd 5
outlet neans at the other end and being connectable to a well flow
conductdr MAREFRL 39ac@uldo g einvertafsin ithecdmhinaastoings t ni nteri or
of said flow, conductor and said inlet_neans in comunication with the -
exterior OfRIGNICREEWEESN@RS okiftgvalve wopldy emadatRrighsai d Inubul ar
body haviqg,tgeseat surface thereon sytroundin% sai d flow passage;

r case, the valve would control the flow of lift gas
from the well tubing into the casing for lifting well pro- hd
ducts through the annulus to the surface. _
_ -/
10
15 ' .



c. valve closure neans in said body having a seating surface thereon
engageable wth said seat surface on said valve nmeans and | ongitudinally
'movabl e.rel ativé thereto 15 between seated and unseated positions;

tubul ar val ve steml neans in said flow sage having one of its en .
attached to said valve closure nmeans and the other of its ends exposed to
presssfe fromegéerior said flow conductor, said stemneans having port 20
means in |1 adjacent said valve closure nmeans conmunicating
the bore oflsai dAt g8l arl &t enriwans os t¢onheobkingi dlowhedofast Hatar e of
the valve sgai1 SERBHRC oSS U forh NERET QL +8E 1831 LnldrWCondielofs e ng

greater than the area of the valve stemsubject to pressure 23" exterior of
sai d fl ow conducter IMRRF OraEANELENISLFy SAPELIFE| POt SRERRENDALHAS hR

val ve cl osuf PowEpas salgleacitnghd fieF86ent QWanhd iWiseatRshPosati ohe 2nd dNE Jas
im21 wherein, said, tubul agr val.ve stem nean i ncl udes

lift valve of ans _al

] ow 1 st 1 iQEFLRENBERDY A S0ENE; Sito oa8 ARGndRhd | FPENESIRIG @ st m 2
whe.rein sarelllal vElewat oeadacitersai dimtdy meaid coqtletes: meams Sseain
member having:gagtLakdll, 1l oshPapseage; Lhergk raugh @id,A s68RSUREACEng
surround sai ow passage engageabl € by sal d val ve cl osure nmeans;
coengageabl #a@oul ket mewans nigaicommdyication seithsddte nexberiper of
I\miting nqggggnFlgg sdnd i /enber away from saird valve closure neans; 5

b

c. resilient seal nmeans carried on said seat menber ) :
10’ _ . valve means in said tubular body having a seat

b.

"/ surface thereon surrounding said flow passage:;

c. valve closure means in said body having a seating
surface thereon engageable with said seat surface on said
valve means and longitudinally movable relative thereto

15 Dbetween.seated and unseated positions;

d. tubular valve stem means in said flow passage
héving one of its end attached to said valve closure means
and the other of its ends exposed to pressure from
exterior said flow ccnductor, said stem means having port

20 means in its wall adjacent said valve <closure means
U | communicating the bore of said tubular stem means with the
| exterior thereof, the area of the valve seat subject to
pressure interior of said flow conductor being greater
than the area of ¢the valve stem subject to pressure
253 exterior of said flow conductor; and
e. means biasing said valve stem means and the valve
closure means attached thereto toward unseated position.
2. The gas lift valve of Claim 1 wherein said tubular
valve stem means also includes fiow restriction means in
30 its bore. |
3. Tne gas lift valve of Claim 2 wherein said valve seat
means in said body means comprises:
a. a seat member having a straight flow passage
therethrough and a seat surface surround said flow passage'

I

_' BT T

h Y



" and engageabl e wth said shoul der means in said body neans to prevent 'flow
around said seat nenber when said seat nber has {its shoul der nmeans
engag?€§§kth sai d shoul der neans in sai&l body; 10 d.  said seat nenber

bei ng dabt e in said body neans and novabl e i nto engagenent with said

val ve Cctfosure means upon occurrence of backflow to prevent backflow of -
fluids threngmasapyef g@wsﬁe@sa‘gﬂ‘fﬂ ehPEupddPeans: The gas |ift val ve of
A aim3, furtheg i f&@é}ﬂ% sadbe shoulder Smklnsf W spadsagedy i andsabs’
body nmeans  being sli g\mt%y £nl a]; ed for a limted distance adjacent said.
shoul der ks BREFePAMRASTCH 95 _ﬂﬁhgb%%l’8°B§m§3i"d°§e§ta_lﬁ‘easnesa," gre8R%bnd -
resilient spal Freg eand atklve arlextesnabad@;annul ar recess on said seat
nmeans, . sai d second seal, ring having clearance.therearQue g '

enl ar gsed passag‘é’v\/ﬁ&? ”Qa‘i%" eSFahFeg“n%arf% gﬁ%ﬁll;c‘?gr e‘%ﬁi %g-ggi %lé%ddﬁ?&gg?ﬁ seat
means bei ngndiresbigeavdlel evittivesali dasbouatiee meanw druraadid sody seeand seal
ring reacheg y}ge&éﬂ@r"n%}:. 52k 8uhl O 254 PERIA0CnEaRbIE OGN ; 581 Coed:

| ongi tudin xtending |'ip on said seat menber surrounding said seat
surface wmehperwings shfd waiond dgnspeanfegngacedenith & ishi gnQehdsr

surface 0fmé?ﬁ9 TRMarig Bsfantially restricts the annul ar space around 30
C

said valve osure neans; d.” whereby, when backfl ow occurs,and.said seat
nenberfﬁnves toﬁaré@ﬁﬁ(fQﬁEx%ﬁ%HeVaP?énﬁl526%@9&%ﬂkﬂ %ﬁ&p??gdge@ﬁﬁasseaF&J

ring reachgsat hevarientiwio sehgagahangerdith i ga b@i ¢aliieow lgmssageeansai d
ggfSnszfveﬁégasgkgur§J§¥§”89”b§§k%?%&”é§ éggbggés%g%ﬁ¥igdL%PSffEYHQd U
through said flow passage of said body. '
4. | The gas lift valve of Claim 3, further including:

15 a. said flow passage in said body means being
slightly enlarged for a limited distance adjacent said
shoulder means therein which is engageable by said seat
means; _

b. second resilient seal ring carried in an external

20 annular recess on said seat means, said second seal ring
having clearance therearound due to said enlarged passage
when said seat means is shouldered in said body, said seat
means being freely movabie toward said valve closure until
said second seal ring reaches the extent of said flow

25 passage enlargement; and ' o

c. a longitudinally extending lip on said seat mamber '
surrounding said seat surface which, when said vwvalve
closure means is seated on said seat surface of said
member, substantially restricts the annular space around

30 said valve closure means;

d. whereby, when backflow occurs and said seat member
moves toward said unseated valve closure member and its
secona seal ring reaches the extent of said enlargement in
said £flow passage, said extended 1lip will thereupon

35 restrict the passage of fluids around said valve closure

* . C L M8
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32 mean$ and will create a differential pressure across said seat nember

and will force the seat. member fully toward said valve closure nmeans SO
that said setond seal ring will nove past said enlarged bore an | -
sealingly 5 engage between said seat nenber and said body and Igg
closyre will be seated on said seat nmenber. S. The gas Lift i
d ai .'wherein said tubular valve stem3&ans is fornmed in two sectlons

connect ed tegRiterahy Rillreddazed sSadilf f&ovhEeglr 'o%é&ﬂ@aé@ré%as&Qdf | ow
bean secured 'Q_ sai d threqﬁi ngiftlon bet ween opg03|n shoul ders of said
a3 {

two sectionSHc sIPREFerd F 3% ofNBedifHav RS Er &ttt Fowardow
passage t hersatint ougﬂ]v‘éorc.‘r@sﬂlre cmietagxs heof lthatof sgad tssodgh SRiad t E@Hbar

val ve sten1 ans t. valye,of Caimb5 a
bi asi ng neans |ncﬂé’es past |nt rnal &Sﬁﬁﬁgf RRESs Fﬁg;aﬁmqgodﬁeailnglf
ext er nal $h@ngkge nbetveen ssa tidvseat smembeearmd aBdlﬁO oody and gaidoil

conpreSS|onvé¥yérgh LiraS@i L B§d¥ea@§ﬁn%n rg% sal t em means .and

supported by one an appTyln ias to th |n érnal and
external shoul derThfeadadst tgvadveowrs s@il-élmal"k/ewbeémlneeﬁmlfhnuubhéawal ve

cl osure neargiald agdiach t RO tiawakd rHageatgd €Ro pQééLEQHs TconndBEegas
I|ft val ve of Caim 6 wherein said bjasing neans further includes neans for

vaLyi ng theqngﬁ?%ﬁ Reid SpreRg and s §hQv| reetFdckd ngF ®9ansm iS 2, 3,
4, 5, 6,l0r flc¥) beaer ekBcazed eiangsaeaboghcrarass EtHRhedesonaxt BeBRkenseal

\;, opposing shoulders of said two sections of said stem
means, said flow bean having a restrictive flow passage
therethrough for restricting the flow of gés through said
tubular valve stem means.

15 6. The gas 1lift valve of Claim 5 wherein said biasing
means includes:

a. internal shoulder means in said body; -
b. extarnal shoulder means on said valve stem means;
and ) ' .

20 €. a coil compression sprihg in said body means
surrounding said stem means and supported by one and
applying a bias to the other of said internal and external

5 shoulder means tending to move said valve stem means and

g ' the valve closure means attached thereto toward unseated

25 position.
7. The gas lift valve of Claim 6 whersin said biasing
means further includes means for varying the force of said
spring. :
8. The gas lift valve of Claim 1, 2, 3, 4, 5, 6, or 7
30  wherein said elongate body means includes external seal
rings ther=son and is connectable to a locking device by
which it may be removaply installed in a seating nipple in
a well flow conductor.
9. The gas lift valve of Claim 8 wherein said one end of
35 said vody £flow passage which communicates with the

1 O
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‘rings

~nereon and is connectable to a | ocking device by which it may be
rennvﬁaﬁk installed in a seating nipple in a well flow conductor. 9. The
gas | \‘, al ve of Caim8 wherein saidaf® end of 35 said bddy *flow
passad ich™ communicates with the = _4 exterior of said flow

conductor terminates a: narrow slits forned in said body neans to preckﬂde
t he entr anestermrad md séiéaﬁﬂpwdebndncﬁnujﬂémmimkeésubstaacesw BQix

925 1110 vt Gl mdya2 pdavh mharh Vo7 Soabersln chal derae o) ead. of.

said body dmmuni cat e exterlor
fl ow condudh@r=igrhn e%aa@rnéﬁpéw=ﬂ|&Qﬂf{n%md1$% saPatpsagsSreans to

precl ude t@g entgancea theneint pfe sard.cydelf i §, and § heyl i ke s?bsbanqes
10 11. as lItt valve for controlllng T ow of gas fnto a’we flow
conduct &r f" qife Sid i @ret hepsof O§ub32 Aft i RPFY o<t Ubs EFFRIT e MWiTh

Wi th refer edgthir e &S widnStymd edxte dier aOMEING NE 1B WckRudko -
terminates at narrow slits formed in said body means %o
preclude the entrance thereinto of sand, debris, and tne
like substances.

10 1l1. A gas lift valve for controlling flow of gas into a A
well flow conductor from the exterior thereof substantially
as described herewith with reference to and as illustrated J
in the accompanying drawings.
15
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