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G 20 Claims

Th1s mventlon relates to gas
~oil:wells. and «the:like. :

.In accordance with: the 1nvent1on the gas’ llft
‘valve .employs. spring. power béllows® power or
-a combination of spring and bellows: ‘power, to-
gether: with.a ‘novel arrangement: of permanent
magnets to insure: aswholly: tew. ‘smap gction of
.the lift .valve, obtaining 'a .wide ‘open - port :so
as to admit h1gh pressure. ugas wzthout pressure
losses.. . ... ‘ . :

The . 1nvent1o w1ll e. ully understood from
the following detalled description of one: of the
many physical forms,the.invention. may assume,
taken 'in conneéction with the dccompanying
drawings. forming a. part. of this speclﬁcatlon

In said drawmgs

F1g 1lis-a sectlonal elevat,lon ‘of g4 well casirig
and well: w1th gas lift valves at ' intervals, ‘and
‘4n intermitter-and ‘othe: ‘ meehamsm
at the: top-of- ‘the Well

- Figit2 “isTans enlarged sectzonal elevatlon of
part ‘of 'the 'well" tubing “With &>'gas Iift’ valve;

L Fig, 3 ige ‘an enlarged longltudma" sectxon

1ft valves f01

Flg 6 is- sectlon ‘oh lme Sf :
Pig, Tiisia dragram of:

“Fig. 8. is a- diagram“of *the 'movement of ‘a

‘coil-spring, such” as is suitable inithe improved
gas lift valve, respornsive £0 ‘compression thereon;

Fig. 9 is 4 diagram of-the" ‘magnetic pull of
-asmagnet suitable for'the: ‘deseribe 'gas l1ft valve,
. plotted agamst thezair gap;-dand

g 10 st e d1agram co! ibining: the" ‘Giirves: of
F1gs 7, 8 and"9 to:'sHow: graphmally ‘the- ad-
vantageots “efféct of fusing a4y magnet: w1th the
spring and bellows of the gas lift valve:- e

‘Referring: ‘first.:to ‘Fig.: 157 10" denotes 8t well
casing of conventional form; LI the usial cas-
-ing head; 12 “the tubing- dependmg from the
-casing -Head and havirig" a ‘strainer:i3-at the
bottom: thereof ‘while' 14 deriotes -the conven-
tional " packer, :
along’ the' stnng ‘of ' tubing “are ‘4" series’ of gas
lift valves--15 whlch are adapted ‘to” operate at
‘predetermined pressures’ ‘to ‘admit “gas under
pressure ‘to’ the interior ‘6f the'tubing for the

puipose ‘of raising” oil ‘or other-liquid from'a ';

normal level 16°-within-the well to' the ‘surface
of‘the ground. *For'this- purpose-high pressure
gas is-admitteéd to the ‘space- |1 between the

‘casing'{0<and- the ‘tubing 12’ through a-lateral
55

‘pipe 18 communicating ‘with the interior of the

Arranged - at- spaced 1ntervals3

(CL103—232)
‘2

“casing ‘head ‘11 :dnd” with the ‘space “{1."'The

flow-of 'ga§' may be controlled by any suitable

valve'19:in'pipe+18 and- by the use 'of -an inter-

mitter 20 -which ‘serves ‘toinjeet: high pressure
5 ‘gas-into’-the- casing -intermittently within any
desired "time' cyclevand-'at ‘predetermined pres-
sure, as-is ‘known-in-the art. -'The parts so far
mentioned, being ‘knownand-in use, are shown
magrammatlcally and w111 not be further de-
scnbed LS

' Reéferring to Flg 2 the tubmg 12 has a shoul-
der ‘member or-arm’ 21 rigidly secured thereto
and having a-tapped-bore 22 -for" ‘receiving &
‘stud’- 23 ‘whose--upper: ‘end engages ‘a ‘bore - (to
be described) at the lower end-of the gas lift
valve 5. - Near its upper end the gas lift valve
‘has @& screw-threaded nipple 24 by which it is
screwed-through :a ‘boss 25-in ‘tubing - 12' thereby
to' communicate - with -the' interior“of  said-tub~
~ing. ‘After’ the.'gas lift: valve-is secured: ‘to ‘the
tubing by ‘nipple*'24-it is locked against move-
ment - by engagement of stud 23, and a'lock nut
26 which: is tightened against the-underside: of
arm ‘2/- secures'the stud against displacement.
“Hach' of'the" gds-lift valves-shown in Fig. 1 is
thus removably - attached to-tubing 12 'and- is-in
‘commumcatmn Wwith the mterlor of sald tubmg
but: only: at its upper end." et

-The detalls -of : constructmn of each gas llft
valve ‘are showrl 1n Figs. 3,45 and 6. A tubular
casing "30° of ‘non-magnetic material carries: the
nipple 24 already 'described and encloses a re-
ciprocating valve stem 31 also of non-magnetic
‘material, At its" upper-end: the valve stem car-
5 ries' a-replaceableStellite-faced valve 32 which
seats agdinst ‘o valve seat member 33 which is
screwed ‘into-the top of’ casmg 30 and has a large
‘central-‘gas* port -34.- - When ‘valve "32 ‘is. off its
‘seat 'gas is free to flow f1om space {7 through
‘the port 34 and out through nipple ‘24 into the
well tubing 12.:-A coil spring 35 surrounds the
valve stem and presses valve 32 on the valve seat
by “its’ end -engagement’ ‘with 'a sprmg adJustmg
nut 88 screwed by threads 31 on the valve stem
near its upper end. A lock nut 38 holds; the
sprmg adJustmg nut’’ 36 i adJustment Ob-
v1ously nut 36 adJusts the cycle ‘of valve 32, since
the valve-unseatmg pressure is greater if’ nut 3u
compresses sprmg 3% to a greater “extent.’
& - dJustmg nut. 36, has four
arcuate por 1ons 39“ which shdably éngidge the
interior of casmg 30 and’ four stralght sides 40
‘whmh permﬂ; the 'zas to flow. past the adJustmg
nut to” "estabhsh cle51red pressure condmons 1n
the lowér part‘of casing’ 30, ‘where a pressure-re-
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sponsive bellows 4 is located. Bellows 41 is
sealed and contains non-compressible fluid such
as oil under partial vacuum and has its upper
end secured and sealed upon a shoulder 42 on
valve stem 31 while its lower end is secured and
sealed to a boss 43 on the upper end of a magnet
housing 44. The outside diameter of bellows 41
is the same as the diameter of the valve stem at
its upper end. ' The valve stem 31:has a reduced
extension 45 “which -extends axially threugh the
bellows and through a bore 48 in magnet housing

44, said bore being larger than the valve stem -

extension 45, which has flats 47, best; shown inFig.
5. At its lower end casing 38 is closed and sealed
by the magnet housing, swhich ;is ‘serewed :info
the casing as indicated at:48--and-provides-an
abutment for the lower end. of.spring.35.
‘Magnet housing 44 is hollow on the 1ns1de to
provide a chamber 48 and is closed:and -sealed
at its lower end by a screw- ~threaded non mag-
. olosed by fa plug sorew 52 and sealed by sealmg

L Silver solder .33.or, the hke Solder-53=. may. simi-
sdardy seal the screw joint; beuween plag ;!} and the
laszindic.at.ed-:atzml a. to,‘xeoelvef the,,plug .scw,w and
;5o provide a recess for receiving the upper, end of
:docking.stud, 28 (Fig...2) .as- previously. described.
‘The bores:51%,; 51, provide an inlet, facilitating ini-

tial introduction of fluid into the chamber-43.and . -

.henee into;the.bellows 41, since the- mterlor of

\the bellows communigates through b01e 46 in-the
smagnet housing with ¢chamber 48.

sAtthe lower. end.of. valve stem 31 a permanent

+magnet 95 is.secured, Qr if -desirved.several per- .3

;manent magnets may be employed. A washer.56
-of:magnetic.material is-held. hy.a nut-57 against
themagnet or magnets 55,said nut being secured
~en:the-extreme-end of;the:valyve stem by screw
sthregds58.

:necessary fixed abutment for-the npper end of the
ymagnet,. 5o that by merely tighitening nut: 57 the
.imagnet.is; fixed to.the.valve stem. As, shown;in
~,the penphery of magnemc washer, 56 has

sevonal grooves :§0. permitting oil- -or. other: ﬂuld to

s flaw; past, washer:56-to chamber 48, or-from that
chamber past the washer and.magnet, to; here: 46
yand. the interior. of the bellows. -Another magnet
ich issannular, with a central fluid passage-
2, js, secured. in the magnet housing 44 and
hence, is, fixed relative to magnet.55 which -moves
~with the, valve stem. Magnet .61 is always 0 .01 in.
from .the .adjacent .end .of magnet 55 when
‘the yalve 32 is seated S0, tnau in. case the valve
»and.seat wear the magnets will not hold the valve
off its seat causing -a. _continuous. gas leak A8
;Wwill.be understood, the- opposite poles of the mag—
‘nets 55,61 are arranged.to attract each. other.
“The dmagne_:t ﬁux circuit (indicated -in - dotted
.lines) ..includes both .magnets,
:washer 56.whose periphery.is in confact. with the
.magnet housing, and the lower end of the perme-
-able magnet. housing.

+As:the area of the bellows:and of yalve.port-34 .

is the same, the. valve 1s balanced to any changing

Thus the fluid in
ithe tubing has no. eﬁect on thelop,eration of the
;valve. The fluid and partial vacuum .in the
‘bellows.are such that when the valve. stem, moves
10,17 in. (in the preferred construction).the vacu~
um is”lost_and the bellows has a solid or non-
‘compressible ‘fluid ‘support within it, which pre-
svents injury to the bellows in:the event of exces-
:sive pressures. It is preferred that a change of

+A smaill,washer 89, -secured against.
Jupward-movement.on thevalve stem; provides the -

.45 valve opens.

4

25 p. s. 1. pressure will deflect the spring 0.17 in.,

which gives a full opening of the valve of 0.307

sg. in. for a % in. valve port. This is believed

to be a larger valve port and opening than any

5 ofher automatic lift valve on the market, A

large open port is desirable because it allows the

gas to enter the tubing i2 with no choking effect

and allows the gas to expend a greater amount

of its potential ‘energy:in lifting-yhewell fluid, in

10 turn cutting-down on the-ameunt of-gas required

to operate a given well, or alternately, allowing

-more fluid to be lifted with a given quantity of
-gas.

Now referring to Fig. 7, study of the pressure-

15, valveimovement. curve shows that once the valve,

~opens and: the gas-bleeds through the valve to its

.closing - pressure-of 484 p. s. i, gas at 500 p. s. i.

must be admitted before the valve will be open

again. ' This will not happen until gas is admitted

20 gutomatically to the system through the inter-

Jmitter-20 in a.predetermined time:-cycle. Thus

the valve is pressing on itsiseatiwith.a differen-

+tial pressure-ef:16 p.s..i. which willitend-to cause

a2 gooed “seal-off” at:the seat. :Other valves on

25 the-m rket “float” at or-near their gpening:pres-

:sure,.whieh -tends-to: cause eonstant-gas-leakage.

The-operating: cycle is. as follaws:

-(1) “Below:484 p. s.'i. the valve is shut. tight, as
:just -explained -(position-A). '

(2) At 500 p. s. i. the valve snaps open (A to.B).

~(3) At'510-p.*s. i.-the-valve stem ‘is stationary
(B'toO).

(4) -At 484 p.-s. i. the pressure: bleeds down(C

0z tOD).

(5) -At-483 p-s. i. the valvesnaps shut (D'to A).

.In.more detail: (1) -A.timed-eycle of.gas injec-

- tion into.the casing. at Jthe:ground: surfaee -starts
.ab 483 .p..s. i. This is.the nt-at; whleh the
40 system Tests from the lasty injection; penod “Pyr-
sing this .rest .period fluid -meves, mtoethe Well
.tubing-and, rises above the:opena,t;ng yalye +(2)
-When the, casing; pressure rises t0.500 p.:s. i '_due
to the injection of-gas. at the.ground:suyrface,-the
:(3). Atabout-ﬁlo p.cs. 1. -the timi

cycle at the: surface stops. admmtmg;.gas;;nto the
well. (4) Gas enters;the tubing: 2. threugh-the

.open. lift valve and-lifts the fuid i
until the pressure. drops to: 484 p.; b
50 (meanwhile ¢losing:slowly. -(5) ;At 483 p. s.,
:valve. snaps shut.and :the. system rests -until:
fluid.can rise in the.well.agan. .
Ancadantageous; feature _,@fr-.t;he;deseriheda;valve
_is:the “faet-that :temperature will:not adversely
55 affect it. The -bellews is-not-pressure Joaded.
~The -effect: of changes in: temperature on: the fiuid
.in, the -bellows, -onthe spring that :actuatesthe
-valve ;stem, -and on.the ;permanent .magnet, :is
negligible.

;60 The bellows is; smaller in d1ameter\ than :8:C0N~
-the . magnetic A

thn well tublng Wlllrnot affeet the Qpemn and

70 closing pressures-of the valve. -fThe;only pres-
-sureaffecting the valye. -action iis rthat : a,ppped
agamst the.end. of, the ,Valve sstem. - This area:is
-contacted only- by the.compressed,gas. in the cas-
.ing, whichis. the control medmm fon openmg and

6 closmg the. valve
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41 on the valve stem act as small . fluid ports; so.
that any opening or olosmg actlon w111 be: cush-

ioned and there will be no. Jarrmg or vibration
of‘the permanent magnets

The valve:stem is of non-magnetlc matenal so‘
that there is no flux leakage through .the:core:
On the other hand.the magnet.
housing is of a permeable material which will,
readily conduct the flux from the magnets. and .
make a 'compiete cn‘cun, a3 indicated, m the dot-:

or the magnets,

ted lines.
The primary use of the magnets is to obteln

a wide open port so as to admit high plessurm

gas: without pressure losses due.to:choking. ..
far as I know, this can not be done with only

‘a_bellows, under pressure for power, or.with.

a_spring  alone  used.for .power, ot. combined
With,a‘bellows, as_such designs result.in.a chok-
ing of the valve as.the opening pressure is at-
tained and this choking action continues until
nearly the top injection pressure is obtained in
the casing. - The diagram, Fig. 8, shows .com-
parative actions of spring-powered valves. To

obtain the same openirg as the descriked mag-.

netic valve the casing pressure would have to be
raised. 25 p. s. 1. ‘beyond .its opening .pressure,

which would waste gas.and also cause other valves :

to open, adding to the gas waste.

The described magnets for. shap. actlon and -3

wide opening of the valve port are useful with
(1) a spring for power, (2) a bellows under pres-
sure for power, (3) a combination of a spring and
a pressured bellows for power, (4) wéll-Auid-con-
trelled and operated autoraatic valves, (5) a sur-
face controlled and operated valve, and (8) any
combination of the above named Valves

All the valves in a series or string will be set
to open at the same gage pressure because when
they are placed in a well the static head of the
gas will cause the lower valves to open first as
the gag is mJec’ced into the casing and the pres-
sure begins to rise. Initially there is fluid in the
casing ag well as m the tubing and as gas pres-
sure is applied to the ecasing this fluid passes
through the valve ports and rises up in the tub-
ing in a U-tube effeci. Valves immersed in fuid
in the casing will not be contacted by gas, and
thus the lowest exposed valve will open first (as
explained above) and any fluid which rises due
to the U-tube effect above this lowest available
valve will be lifted out of the well. Az lower
valves are in turn exposed by removal of the
fluid, they will open in turn and gas flowing
through them into the tubing will lift fluid above
the level of each valve to the surface. Ultimately
a level of operation is reached where new fluid
comes into the tubing from the well as fast ag it
is lifted to the surface. This is the “static op-
erating peint” in the well and is dstermined by
the amount of fluid the well will make, the type
of lift valve, and the available gas pressure.

It is to be understood that the apparatus will
work if the fluids are reversed, that is, if fluid is
in the casing and gas is in the tubing. Therefore
the foregoing description and desecriptive terms
in certain of the claims are to be taken as merely
explanatory and illustrative and nhot as limita-
tions.

Chviously many changes may be made in the
construction and arrangement of the parts of the
lift valve; also some omissions and additions may
be made; hence I do not wish to be limited to the
particular embodiment at presént preferred by
me and descrlbed above but only as requ1red by
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the, appended cla1ms 1nterpretecl in.the dight of ;
the prior art. s o

What Ielaim is: ...

1. A gas lift valve compmsmg a -valve. ‘hody..
having a. gas port and. a valve seat;.a -valve,
adapted when seated to ClQSe sald port a spring..
within the body resisting unseating of the. valve,
and permanent magnet means wholly, within, the
body connected and arranged to oppose, by magr .
netzc flux movement .of the velvc towald open
posmon said permanent magnet means cont-
prising a hollow magnet housing which is mag- -
netically  permeable; - a permanent magnet se-
cured r,o and. wholly enclosed by.the magnet,
housing; a eecond permanent magnet, placed
pole-to~ pole to the first magnet; means connect-
ing the second magnet Wwith the valve so that the .
valve .wheh unseated- moves. the second magnet .
away from the first; said connecting means con-.
sisting of a.valve.stem of non-magnetic mate-
rial; a washer of magnetic meteual on the valve
stem and in contact with the second mugnet and”_
also in contact with the inner wally of the hel-
low magnet. housing, snd a nut securing the’
washer and second magnet upon the valve stem;
the magnet housing, the two maghets and the"‘
washer together forming a closed rath for lme.:f‘
of magnetic flux.

2. A gas lift valve comprlsmg a body hav ng. &
gas inlet port; a gas discharge port: # .valve
adapted when seated to close the . inlet port and .
when unseated permitting free flow of gas’
through the inlet port and out.the dischsrge’
port; means to cloge the valve automatlcelly, said”
means yielding to predetermined gas. pressme“ﬂ
outside. phe inlet. port; bellows means fixed to' the -
valve and acting to vield readily up. t6 a certai
point and then positively prevent further’ Valve‘j
movement away from its seat; said body having..
a tubular extension housing fluid communicat-"
ing with the interior of said bellows means, said
housing being composed of material permeable
to-magnetic lines of force, a stem. portion car-
ried hy said valve and projecting into the tubu-
lar extension, a permansnt magnet carried by
said stem and closely but slidably fitting vaid“
tubular housing, and means providing g passage’
connecting . the tubular extensmn with the inte~
rior of the bellows. ‘ ‘ ‘

3. A gas lift valve compnsmg a body havmg a
gas. inlet port; a gas discharge. port: a . .valve
adapted when seated. to. close ‘the . inlet port;
spring means acting to hold the valve seated
normally but yielding to predetermined gas pres-.
sure outside of the inlet port; a valve stem secured
to the valve and being of non-magnetic material:
said valve stem having flats and extending axially
of the body; a sealed kellows surrounding the -
valve stem and secured thereto at one end: a
magnet housing:of material permeable to mag-
netic lines of force and having a 'central bore
through which passes part of the valve stem with..
the flats; a permanent magnet-secured to. the ‘
end of the valve stem; the magnet housing hav-
ing an interior chamber for fluid and said cham-
ber being in communication. with the interior of..
the bellows by way of said central bore; another
permanent magnet secured to the magnet Lous-
ing and in magnetic circuit therewith; the two‘
magnets being constructed and arranged so as
to attact each other; the first mentloned magnet ..
being' in magnetic circuit with the magnet hous-}‘
ing but constructed so as to. permit ﬁu1d to flow .
past it into or out of the chamber. = R

4 The mventmn deﬁned in ]clalm 3 Wh
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the valve stem-is‘screw-thteaded:at-the-end: re=
mote from the valve, a washer of magnetic’ ma-«
terial is mounted on the valve stem-and has-its
periphery -in “sliding:-contact’ with: the:.interior
walls ‘of  the:magnet housing and: provided:with-

grooves permitting: fluid: to-flow past:the washer:

in-either -direction; and a nut is screwed-on:the:

end’ of the valve -stem and is in contact with' the:

washer ‘to hold the washer-in contact with the-

first-mentioned-magnet, so-thatthe two magnets;-
the washer and the magnet housing-are- all-in-

the same magnetic-circuit.

5. A gas lift valve comprising-a valve body hav-
ing' a gas port and g valve seat, a valve adapted
when seated to close-said’ port, a spring  within
the body' resisting unseating -of -the wvalve, and
permanent magnet means wholly 'within the -body
and: constructed and arranged-to oppose by mag-
neti¢’ flux movement of the valve toward  open:
position, said: permanent magnet means includ-
ing a permanent magnet connected to the valve
and slidable within the body,. said valve being-
secured to a sealed bellows mounted within' the
body and containing an incompressible fluid and
a partial vacuum; the bellows mounting and: se-
curement being such that opening of the valve
effects partial collapse of the bellows, fthe fluid
and partial vacuum in the bellows being so se-
lected that  when the:valve moves a small frac-
tion of an inch the vacuum disappears and the
bellows then has a solid non-compressible fluid
support on the inside which prevents damage to
the bellows.in the event of extreme pressure, the
areas of the bellows and of the valve port being
substantially the same:. .

6. A gas lift valve comprising a valve body hav--

ing a gas port-and a valve seat; a valve adabted
when seated to.close said port, a spring within

the bhody resisting. unseating of the valve, and -
permanent magnet means wholly within the body .

and.constructed and arranged to oppose by mag-
netic flux. movement of the valve toward open
position, said permanent magnet means: includ-
ing.a permanent magnet connected to the:valve
and slidable within. the body, said valve body
being provided with a tubular extension of ma«
terial permeable to magnetic lines of flux and
serving as a magnetic housing, a second perma-
nent magnet fixed to and in magnetic circuit with

said rnagnetic housing; said two magnets having

adjacent ends’.of opposite” polarity and being
adapted to separate when the valve is unseated.
7.7A gas lift valve as defined in claim 6 where-

5
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43

in the two magnets are separated by an air gap -

on the order of one one-hundredth of an inch .

when the valvé is seated.

8. A gas lift valve comprising an elongated -

body having a gas passage therein provided with -

a valve seat, a valve coacting with said seat and
adapted when seated to close said passage, re-
silient means normally acting to hold the valve:
seated but yielding to predetermined gas pres<:

sure to permit the valve to open, a valve stem

extending axially of said body, a magnet housing
carried by the bady, a permanent magnet. car-
ried by said stem and closely but slidably fitting.

60

said housing, and a second permanent magnet
secured to' the housing and coacting with the -

first to produce snap action of the valve.
9. A gas lift valve comprising .a body portion

having. a ‘gas flow passage therethrough and. a .

valve seat therein, g reciprocating valve mem-=.
ber- adapted when seated to. close said. passage, .

resilisnt means .normally acting .to hold.said -

valve seated ‘but yielding to" predetermined gas

8:

pressure:to: permit: the>valve to‘open; a valve stem:
extending axially: of the body; a -sealed-bellows:
surrounding- the -stem: and - secured:- théreto: at:
one end, a2 magnet housing: carried by said body:
ofsmaterial:permeable to magnetic lines of force
and: having.a central -bore- through which ‘the:
valve stem is adapted:fo pass;-a permanent mag--
net- secured ‘to-said: stem: and: movable within
limits:within:said housing; said- magnet-housing:
having:aniinterior chambey. for fluid;-and means:
providing interconnecting fluid passageways-be-
tween . said: chamber and the: interior - of~said
bellows.

10. A gas lift valve comprising:a tubular body:

- having:a: gas: passageway: housed therein, a valve:

seat:in said: passageway:and a reciprocating valve:
coacting with said: seat and controlling . flow of:
gas: through: said: passageway; said valvé having:
a stem extending axially of the body, sealed bel-

lows.surrounding  said. stem.and secured ‘thereto:
at one end, a permanent magnet secured to the.
end: of the stein opposite said valve, said. body:
including. a. magnet ‘housing. surrounding- said:
stemand closing the end of said body, said mag--
net housing being formed of material permeable:.
to magnetic lines of force and:having an. interior

chamber:-for - fluid, .and means. providing. inter-

connecting fluid passageways-between: said cham=~

ber-and. the: interior of said bellows.

11. A -gas: lift. valve as:set.forth :in elaim: 10
wherein:the magnet-closely fits saidaagnethous~
ing andiis provided with fluid passageways ex«
tending lengthwise: therethrough..

12: A ‘magnetic gas. lift valve comprising an
elongated hody having:a gas:passage therein pro-.
vided with.a valve seat, a reciprocating. valve co-
acting  with -said seat. for controlling the flow
through said gas.passage, said valve having a stem
extending. axially of the body, a sealed ‘bellows:
surrounding- the stem’ and secured thereto at one
end; a permanent magnet secured:to the stem at
a point remote from-theé:valve and beyond the
point of attachment of the bellows, and a magnet
housing earried Ly the body and formed of mag-
netic:material, said magnet housing being cham=
bered to'enclose fluid; and means providing longi-
tudinal -passageways between said chamber pors
tion: and the interior of the bellows.

13. A gas:lift valve comprising a body: having
a gas inlet:port; a gas discharge port; a valve
adapted when. seated to close the inlet port; re-
silient means acting to hold thewvalve seated nor=-
mally but yielding to predetermined: gas pressure-
outside of theinlet port; a valve stem secured to
thé valve and being of non-magnstic material;
said valverstem:having fiats and extending axially
of the: body; a sealed bellows surrounding  the -
valve stem and secured thereto at one end; a mag-
net: housing: of material bermeable to' magnetic’
linesof: force and having a central bore through:’
which passes part of the valve stem with the flats;
a permanent magnet secured to the end of the
valve stem;: the magnet: housing hdving. an in--
terio-chamber for fluid and said chamber being:
in communication with: the interior of the bellows:
by way of said central bore; said magnet being in
magnetic -circuit ' with the magnet- housing: ‘but
constructed so as to permit fluid to flow pastait:
into-or.out of the-chamber: -

14. A gas- 1ift: valve comprising an -elongated
body having a flow passage therein provided: with.
a valve seat,.a reciprocable valve coacting  with.
said seat and adapted when seated to-close-said.
passage,.resiliént. means.normally . acting:to.hold: .

 the valve seated but yielding to predetermined



2,672,827

9

pressure to permit the valve to open, said valve
having a stem extending axially of said body, a
plug member carried by said body and having a
central bore to perimit passage of said stem, a
sealed bellows connected at one end to the stem
and at the other end to said plug, said body in-
cluding a tubular portion extending heyond said
plug and serving as a fluid chamber, an enlarged
member carried by said stem closely fitting and
slidable in said housing, and means providing
guide passageways through the enlarged stem
portion and plug to permit fluid te pass between
said fluid chamber and the interior of said bel-
lows.

15. A gas lift valve as set forth in claim 14
wherein the fluid chamber is of material perme-
able to magnetic lines of foree, and the enlarged
stem portion slidable therein comprises a per-
manent magnet.

16, In combination with a well casing, well
tubing within the casing and spaced therefrom,
a casing head closing the top of said easing,
means intermittently supplying pressure fluid to
the space between the tubing and casing under
gradually increasing pressure, fmeans compris-
ing a valve body forming a pressure fluid passage
between the tubing and casing, a valve seat in
said passage, and gas lift valve means control-
ling flow of pressure fluid through the passage,
comprising a valve member slidable within said
body and coacting with said seat, resilient pres-
sure means within said body urging the valve
member against the seat in a direction to oppose
the force of pressure fluid in said passage acting
to open the valve; the improvement wherein
means comprising a permanent magnet con-
nected to the valve member and slidable there-
with in said valve body is provided supplement-
ing said resilient yielding pressure means and
acting until the pressure of said pressure fluid
finally overcomes the combined effect of the re-
silient pressure means and of the permanent
magnet, thereby fully opening the valve and per-
mitting full flow of pressure through the passage
without pressure loss to effect lifting action upon
liquid within the well.

17. The combination as set forth in claim 186,
wherein the resilient pressure means acting on
said valve member includes a spring.
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18. The combination as set forth in claim 16,
wherein the resilient pressure means is fluid actu-
ated.

12. The combination as set forth in claim 18,
wherein the resilient pressure means utilizes a
combination of spring and bellows power.

20. Well pumping apparatus comprising, in
combination with a well casing, well tubing with-
in the casing and spaced therefrom, means com-
prising a valve body forming a passage connect-
ing the interior of the tubing and casing, a valve
seat in said passage, and a gas lift valve slidable
in said body and coacting with said seat, means
supplying lifting fluid under gradually increasing
pressure to said connecting passage in a direction
tending to forece said valve from its seat, resilient
pressure means within said body urging the valve
against its seat, and means comprising a perma-
nent magnet connected to said valve and mov-
able therewith in said valve body supplementing
the action of said resilient pressure means, until
the combined effect of the resilient pressure
means and of the permanent magnet is gvercome,
thereby instantly and fully opening the valve and
permitting full flow of pressure fluid through the
passage without pressure loss to effect lifting
action upon liquid within the well.

HAROLD E. McGOWEN, Jr.
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