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3 Claims.
1

.This invention pertains to valves and to a
system of valves used for admitting gas to a
column of liquid for lifting same. More particu-
larly it pertains to such valves used in con-
junction with a system of gas lift for raising
petroleum fluids in an oil well whose natural
Pressurz is insuficient to accomplish the pur-
pose satisfactorily. The valve and system are
intended to be used to unload the well by ad-
mitting gas successively first near the top of the
oil column, then lower and lower to the desired
depth, removing or lightening the oil above each
valve -before admitting gas to the next lower
valve, so that the gas pressure required for
removing the oil will not have to be greater
than the hydrostatic pressure of the whole col-
umn of that oil standing in the well initially but
need only be greater than that of the column of
dead oil standing between the two valves spaced

farthest apart plus, in the case of continuous

operation, the head of light gas-oil emulsion
thereabove. This system of unloading a well
with a plurality .of spaced valves is known as
stage lift. After the well has been unloaded
the gas can be admitted continuously or inter-
mittently to the bottom of the column depending
on the rate of flow of the oil from the sand and
the pressure thereof and the depth of the well
and other factors. :

An object of this invention is to provide a stage
lift valve and system which will have g long and
satisfactory operating life and to this end it is
an object of the invention to provide a valve
which will not easily be cut by fluid flow there-
through and a system of valves such that the
valves will not have to operate in g partially
open condition for any great length of time.

A further object of the invention is to provide
& valve which is inexpensive to manufacture and
reliable in operation and to these ends it is an
object to provide a valve that is sturdy yet
simple in construction,

Other objects and advantages of the inven-
tion will become apparent irom the following
description thereof, ' )

For a detailed description of a preferred em-
bodiment of the invention, reference will now he
had to the accompanying drawings in which

Figure 1 is a vertical section through an oil
well showing valves according to the invention
for continuous gas 1ift;

Figure 2 is a vertical section through one of
the valves, taken on line 2—2 of Figure 3;

-Figure 3 is a horizontal section. taken on line
3—3 of Figure 2; and . ’
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Pigure 4 is a vertical section through an oil
well showing the invention applied to intermit-
tent- lif.

It is to be noted that the valve shown in Figure
2 is screwed into its support 90 degrees farther
than as shown in Figure 1. In Pigure 3, to
Iacilitate drafting, the orientation is as though
the valve were screwed into its support 45 de-
grees farther than shown in Figure 2.

Referring to PFigure 1, there is shown an oil
well casing 19, within which is disposed a string
of tubing il. Along the outside of the tubing
in the annulus formed between tubing and casing
there are disposed stage lift valves 12, beneath
each of which is disposed g check valve 13 and
above each of which is disposed a guard 4.
To the lower end of the tubing is connected a
strainer {5 through which the oil is admitted
to the tubing. Gas is admitted to the top of
the annulus from a suitable source not shown.

‘Referring now also to Figures 2 and 3, each
valve 12 comprises a lower fixed housing portion
20 in the form of g cylindrical sleeve having
two upstanding sleeve sectors 21 and 22, each of
90 degrees width, and an upper movable housing
portion 23 in the form of a cylindrical sleeve
having two depending sleeve sectors 24 and 25,
each of 90 degrees width, the sectors of the
upper and lower portions interengaging and
being relatively slidable, i. e. reciprocable par-
allel to the axis of the housing. The top end
of the lower. housing portion is closed by dise
26 which extends between sectors 21 and 22
and is integral therewith. The top end of the
upper housing portion is closed by disc 2T which
is integral with the sleeve,  The bottom end of
the lower housing portion is closed by nipple
28 suitably secured to the sleeve and the bottom
of the upper housing portion is closed by cylinder
29 secured between and to sectors or arms 24, 25,
by means of screws 30, 31.

A bellows 406 has its ends closed by plugs 41
and 42. Plug 42 is secured to disc 26 by screw
44, The bellows is filled with gas under pres-
sure through opening 45 in the plug 41. A
check valve 46 is screwed into the opening to
prevent the gas from escaping,

Cylinder 29 carries a valve stem 50, the lower
end of which is rounded to form a valve 5i.
Valve 51 cooperates with valve seat 52 formed
at the upper end of bassage 53 through the valve
body constituted by nipple 28. The nipple 28
is screwed into the top of housing 54 of check
valve 13. Within the housing is a ball 55 which
cooperates with seat 56 at the lower end of
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passage 93. A spring 51 carried in recess 58
urges the pall toward the seat. A passage 58
leads from the interior of housing 54 to a pas-
sage 60 through tubing i{ to which the hgusmg
is suitably secured, for example by welding as

indicated at 6
the admission of gas from the

valve 51 controls ¢ 2
annulus through the valve housing inlet ‘apt‘er-
and 68, to the inside

tures 62, 63 passage 53, 59,
of the tubing. The valve as shown is open bu
upon increase of annulus gas pressure above the
bellows pressure, the bellows confracts and tl;)\eA
yalve closes. The check valve 5% prevents oil in
the tubing from flowing out into the snnulus
when the valve 51 is open.

The bellows is initially at such internal pres-
sure that it urges the plug 2% upwards agamst
the disc 26 which serves as a stop 0. limit, the
opening movement. B¥ holding the bellows con-
tracted more than. its internal pressure alone
would dictate, the pellows is kept from moving
with every slight change of external pressure,
which eauses. the valve to have & sharply: defined
closing pressure, By making the bellows fairly
long compared. to the valve travel from open: to
closed position. the range of pressure between Open.
and closed position is further narrowed. The two
part telescoping housing 20—2% provides not only
a. stop for limiting the yalve travel but affords
excellent. protection for both the bellows and the
valve. and seatb. The valve travel is such that
in. both open and closed positions there is ample
space between the ends of the arms and the
podies of the housing, portions to. admit gas to
the side of the bellows and to- the valve. The
Jower gas ports §2, 63 insure that no sand can
collect in the lower part of the housing and:there
are no pockets in the upper part of the housing
for send to collect in either:

Referring to Figure 1, there will be-& plurality
of stage lift valves disposed along: the.side of the
tubing at appr_oximatel’y equal intervals; hydro-
static head of oil between each pair of’ successive
valves being somewhat less than the pressure of
the gas available for admission to- the: amnulus.
The bellows off each: valve will- be charged tor a
‘higher pressure than the valve above. With this
arrangement of valves, gas will be initially ad-
mitted to the annulus: at a. pressure: pelow: that
required to close the uppermost valve bub higher
than the hydrostatic pressure of the: oil there-
ahove. The oil in the annulus, which
is at a higher jevel: than the- uppermost valve,
will be- forced: down through: the valve: into. the
tubing until: the valve is exposed. Gas will: then
enter-the tubing through: the valve.and will emul-
sify-and lighten the oil column so that it will rise
to- the surface and: flow oubt. As:soon as: enough
oil has thus been: removed above. the top valve,
the: annulus pressure: will: be-increased: enough to
close the top valve and o overcome the: hydro-
static head of the oil abovethesecond valve: down
from the top, including both. the emulsion above
the first valve: and the: dead oill therebelow.
When this column: has: beemn. sufficiently lightened
the. pressure in the annulus: will: be: further in-
creased enough to-close: the: second: valve: and to
overcome the: head: of the-: oili above: the: third
valve; including- both the light emulsiom ahove
the: second valve: and the-heavy: dead oil there-
below. This: pProcess will ke continued. untit gas
is being admitted: to: the: tubing- at. a. poind low
enough. so- that the gas: does not cub through: the
oil but all is- mixed: with- the: oil as.an emuision:
The gas is then- saidi to- have sufficient’ submer-
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gence. The oil-gas emulsion flows to the surface
continuously at & minimum gas-oil ratio. The
pressure may be increased further to admit the
oil at a still lower point if it is desired to further
lighten the column to increase the rate of flow.
Since the pressure in increased as the gas admis-
sion point is lowered, all valves above that
through which gas is being admitted are posi-
tively closed. This prevents cutting of the valve
as would. be the case: if it were cracked partly
open. Ab the same time the valve through which
gas is admitted, being normally open is fully open
and is not cut either.

. The valve and stage lift system according to the
1_n.\zention can also be used with an intermittent
1ift operation as shown in Figure 4. In addition
to the apparatus of Figure 1 there is also shown
an accumulation chamber 70, a packer 11 between
the tubing and annulus, and a normally closed
pellows actuated valve 12. The stage Lft valves
have sufficiently large: openings so. that a. large
quantity of gas. fows: through: each when: it is
open. 'This. causes: the oik akove it fo. rise as. a
glug instead. of emulsifying and the tubing ahove
is: left completely dry.. After the oil is kicked off
in slugs down. to-the level of the: lowermost valve,
the gas pressure is raised: enough: to open valve
12 and raise the oil in the accumulation: cham-
ber M Thereafter the intermitter contraol devige
12 at the surface lowers the annulus gas pressure
to close valve 72 until the accuniulation chamber
has filled: again, whereupon: the pressure is in-
creased tq-again empty the chamber. Ball check
valve 14.keeps the gas pressure off the formation
15 guring the lifting of the eil to the surface
from the chamber..

Valve 12 may be of any conventional type such
as that shown in U. 8. Patent 2,339,487, granted
January 18, 1944, to W.R. King. ’

While preferred embodiments. of the: invention
have been:shown and described, it.is obvious that
many modifications thereof couldibe made by-one
sk}n’ed, in the arf without departing from: the
spirit of the invention and:it is: intended to pre-~
tec§~ by letters. patens all forms of the: imlenﬁim
falling, within the.scope-of the following: claims;

I claim: )

1. A stage lift valve-comprising a:threaded: nip-
ple having a valve seat formed: atione end, a first
sleeve. sgcurecl to the nipple; and extending be-
yond said, seat, a pair of eppositely, disposed. arms
extending, from saiq, sleeve: away. from: said: seat,
a. closed bellows having: eng: end. secured: to: said
arms, the body of the bellows. extending away
from. said, seat, 2, second sleeve having one. end
secured. to the other end of said bellaws, said
slta:eve extending.back around said.bellows\tdward
said, §e,at,,a». pair of oppositely disposed.aims ex-
tending. from. the. other end- of said bellows. o~
ward said- seat, and reciprocatingly slidingly- in-
terengaging with. the first. sald axms, and a: valve
secured to the ends of the: arms of the second
sleeve and: adapted. to. engage said. seat, said: bel-
lows, contajning. gas at. a. pressure. above: atmasr
pheric so as to normally hold; said valve in.epen
position. away. from its:seat.. '

9.. A.stage lift.valve comprising. a:sealed. hellows
conigining; gas under pressure, a. first. cylindrical
housing. portien surrounding the bellows, and.se-
cured. thereto at one:end,, sald. housing having, a
plurality of slots in its. other end, leaving: arms
of arcuate; cross section: therebetween, & eylin-
drical plug received befween the ends: of. said
arms and: seeured thereto; a valve stem eaxried
by said plug extending away fronu said bellows;
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& valve member formed on the end of said stem,
& nipple having a valve seat formed therein
adapted to cooperate with said valve member, g
second cylindrical housing portion surrounding
said valve member and seat, said second housing
portion being secureq to said nipple, said second
housing portion having apertures therethrough
adjacent said seat and having a plurality of slots
in its other end leaving arms of arcuate cross
section therebetween, the last said arms fitting

in the first said slots and the first said arms fit--

ting in the last said slots so that the two housing
portions together form a single extensible and
retractable housing, and a dise integral with the
ends of the second said arms secured to the other
end of said bellows between said bellows and said
plug.

3. A stage lift device comprising a sealed bel-
lows containing gas under Pressure, a first eylin-
drical housing portion
and secured thereto at one end, said housing
having a plurality of slots in its other end leaving
arms of arcuate cross section therebetween, a
cylindrical plug received between the ends of
said arms and secured thereto, a valve stem car-
ried by said plug extending away from said bel-
lows, a valve member formed on the end of said
stem, a nipple having a valve seat formed therein
adapted to cooperate with said valve member, a
second cylindrical housing portion surrounding
said valve member and seat, said second housing
portion being secured to said nipple, said second
housing portion having apertures therethrough
adjacent said seat and having g plurality of slots

surrounding the bellows
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in its other end leaving arms of arcuate cross
section therebetween, the last said arms fitting in
the first said slots and the first said arms fitting
in the last said slots so that the two housing
portions together form a single extensible and
retractable housing, a disc integral with the ends
of the second said arms secured to the other end
of said bellows between said bellows and said
plug, an opening through the first said end of
the bellows and an opening through the end of
the housing portion connected thereto, a check
valve secured in the first said opening, a screw
through the second said opening engaging a

* thread in the second said opening to close the
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openings and secure the bellows to said housing
portion as aforesaid, a support adapted to be
secured to the side of a well tubing, a passage
through said support having openings disposed
at an angle to each other, one of said openings
receiving therein and being secured to the end of
said nipple away from said valve member, and
a8 ball check valve disposed in said one of said
openings between said support and nipple.
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