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Robert O. Walton, Dallas, Tex.,
Tool Corporation, Dallas, Tex., &

Texas

Application June 9, 1944, Serial No. 539,424
18 Claims. (CL 103—233)

This invention relates to new and useful im-
provements in well flow devices,

The invention is a modification of and im-
provement on the device shown in my co-pend-
ing application, Serial No. 451,570, -filed July 20,
1942,

One object of the invention is to provide an im-
proved device for controlling the admission of a
" lifting fluid, such &s gas,
within & well tubing or conductor for lifting or
raising the liquid to the surface, said device be-
ing particularly adapted for use as an intermitter
to intermittently admit the Hfting gas at prede-
termined intervals in accordance with well condi-
tions. . L

An important object of the invention is to pro-
vide & simple and efficient flow device which is
constructed of a minimum number of parts, said
device being actuated solely by the pressure of
the lifting gas, whereby a differential in pressures
across the valve element of the device is not de-
pended upon to operate said valve and also where-
by lifting gas is admitted into the liquid column
in the well tubing only when said lifting gas has
attained the desired predetermined pressure nec-
essary to effect lifting of the well fluid in said
tubing. i

A particular object of the invention is to pro-
vide an improved device, of the character de-
scribed, having & main valve for controlling ad-
mission of the lifting gas into the well liquid col-
umn, said valve being normally held in a closed
position by the pressure of the lifting gas; the
device also including a pilot valve which is actu-
ated when the lifting gas reaches & predetermined
pressure, said pilot valve upon actuation, reliev-
ing the pressure acting to hold the main valve
closed, whereby said main valve may move to
an open position and thereby admit gas to the
lquid column.

Another object of the invention is to provide
an improved flow device which includes 8 main
control valve having an enlarged bellows attached
thereto, both the valve head and the interior of
said bellows being exposed to the pressure of the
lifting gas so that the larger cross-sectional aree

of the bellows is utilized to normally hold the.

valve in its closed position; the device also in-
cluding means for “bleeding off” the pressure
within said bellows to allow opening of the main
valve when the lifting gas reaches a predeter-
mined desired pressure. ’

Still another object of the invention is to pro-
vide an improved flow device, of the character
described, wherein the gas pressure acting upon

into a lquid column
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the main valve bellows is bled off into the well
tubing and also wherein the means for permit-
ting the escape of said pressure is a pilot valve
which is itself actuated by the pressure of the
lfting gas. _ . -
A specific object of the fnvention is t6 provide
fan improved pilot valve errangement for con-
trolling actuation of the main valve, said pilot
{ncluding & depressible bellows which has its ex-
terior exposed to the pressure of the lifting gas
so as to be actuated thereby, the interior of said
bellows having means for limiting its movement,
whereby a positive stop for movement of the valve
ts had and rupturing of- the bellows by an ex-
cessive lifting gas pressure is prevented.

A still further object of the invention is to pro-
vide an improved pilot valve arrangement for-a
flow device, wherein’ the actuating bellows of said
valve has a suitable liquid contained therein, said
bellows functioning as a positive stop to limit
movement of the valve and also acting to pre-
vent collapse or rupturing of said bellows by ex-
cessive external pressures. . :

The inventfon will be more readily understood
from.sa reading of the-following specification and
by reference to the accompanying drawinegs,
wherein an example of the invention is shown,

. and wherein:
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" bore having a well casing

50

55 -said tubing, attached thereto.

partly in section and partly
in elevation of a well bore having a well tubing
extending therethrough showing a plurality of
flow devices, constructed im~accordance with the
invention, mounted in said tubing,

Figure 2 is an enlarged, transverse, vertical
sectional view of the flow device, with the main
valve and pilot-valve closed,

Figure 3 is a similar view, with the main valve
closed and the pilot valve open, - -

. Figures 4 to 7 are enlarged, horizontal, cross-
sectional views, taken on the lines &—4, 5—5,
§—6, and 7—T1, respectively, of Figure 2,

Figure 8 is a view, partly in section and partly
in elevation of the flow device and showing the
pilot valve closed with the main valve open, and

Figure 9 is an -enlarged, transverse sectional
view of the bellows which actuates the pilot valve.

In the drawings, the letter A designates a well
10 mounted-therein.
A well tubing { extends downwardly through
the casing {0 and has its upper end supported in
the ususal casing head 12 which is mounted on the
upper end-of-said casing. The lower end of the
well tubing has the conventional well screen (3,
through which the well fluids are admitted into
A suitable “well

Figure 1 is a view,
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packer (4 which is schematically illustrated
packs off between the tubing and casing above
the perforated screen {3,

A plurality of valve devices B, constructed in
accordance with the invention, are connected in
the tubing kf and are located at various eleva-
tions or levels therein. As will be hereinafter
described, each device B is adapted to control
the admission of a lifting fluid, such as gas, into
the well tubing string and such fluid is utilized
to lift the well liquids upwardly through the well
tubing to the surface. The invention will be
herein described -as operating with an auxiliary
lifting fluid such as gas, but it is noted that the
lifting fluid may be gas from a sub-surface for-

- mation which enters the well casing, When aux-
iliary lifting fluid is employed, said lifting fluid
or gas is conducted to the annular space between
the well casing 10 and the well tubing through
an inlet pipe {5 which is connected to the casing
head (2, the admission of said gas being con-
trolled by a time-controlled intermitting device
(6. The time controlled intermitter 16, as is
well known, controls the admission of gas to ad-
mit the same in predetermined volumes at de-
sired intervals and saild device is adjusted in ac-
cordance with the particular conditions of each

- well.

The devices B are all of identical construction

and each device includes a tubular housing which
is constructed of three sections, an upper section
(1, an intermediate section I8 and a lower sec-
tion 19 (Figure 2). The lower section is pro-
vided with an axial bore 20 and a reduced coun-

terbore 2f which communicates with the main.

bore is formed at the upper portion of the sec-
tion. A collar 22 having an inlet port 28 extend-
ing therethrough is threaded into the lower end
of the horeé 20 and the extreme upper end of the
port has an annular beveled valve seat 24 sur-
rounding the same. Manifestly, the inlet port
28 establishes communication between the well
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casing 10 and the bore 20 of the lower section ’

" 19 of the device.
Communication hetween the bore 20 of sald
section and the interior of the well tubing 1 is

- established by means of a tubular nipple 28

which extends radially from the lower portion of
the section 18 and which is suitably secured with-
in an opening 26 in the tubing, Thus a flow of
fluid from the annular space between the casing
10 and tubing 11 may occur through the port 23,
bore 20 and nipple 25 into the interior- of the
well tubing.

For controlling the flow of fluid through the
port 23, & main valve 27 is mounted within the
section 19 and is adapted to engage the annular
valve seat 28. The valve includes a valve head
28 and valve stem 28, the latter having its upper
end secured to the lower end of a main valve
bellows 30. The upper end of the bellows is fas-
tened to an annular collar 3| which surrounds
the lower end of the counterbore 21 and the bel-
lows is constructed so that its spring action nor-
mally urges it toward a collapsed or depressed
position, whereby the bellows tends to hold the
main valve in a raised or unseated position, as
shown in Figure 8. For expanding the bellows
to move the valve downwardly to a seated or
closed position, the interior of said bellows is ex-
posed to the pressure exteriorly of the device
through & gas supply passage 32 which extends
radially through the upper portion of the section
19 and which communicates with the counterbore

_ 2. With this arrangement, the pressure of the

45

50

60

65

70

76

. 3,385,316

fluid within the casing outside of the tubing acts
against the interior of the bellows 30 and also
acts against the valve head 28 when the latter
is seated; however, since the cross-sectional area
of the bellows is greater than the exposed por-
tion of the valve head, it is evident that the valve
will be held in a closed or seated position.

The pressure within the casing which is acting
upon the bellows 30 is that of the lifting fluid or
gas and when this pressure reaches a predeter-
mined point, it is desirable to open the main valve
to admit the lifting fluid into the well tubing to
effect raising of the well liquid within said tubing.
In order to actuate the main valve 27 and move
it to its unseated or open position when the lift-
ing fluid reaches & predetermined pressure, a
pilot valve 33 is mounted within the bore 34 of
the intermediate section 18. The pilot valve is
adapted to engage a valve seat 3% which sur-
rounds the upper end of the counterbore 21 and
when said valve is seated the pressure is trapped
within the bellows 30 to hold the main valve 28
in its lowered or closed position. Upward move-
ment of the pilot valve 33 opens the counterbore

" 21 and permits the pressure within the bellows 30

to escape upwardly into the section 18; the sec-
tion {8 communicates with the interior of the
well tubing through a tubular nipple 38 and it
is noted that the bore 37 of the nipple is of con-
siderably larger diameter than the supply pas.
sage 32 through which the fluid pressure is ad-
mitted to the bellows.

Therefore, as soon as the pilot valve 33 is
opened, the pressure may escape from the in-
terior of the bellows through the counterbore 21
and nipple 36 at a faster rate than such pressure
can be replenished through the relatively small
passage 32, with the result that the pressure act-
ing on the interior of the bellows is reduced to the
point where the main valve 27 is opened. This

" opening of the main valve is effected by the nor-

mal collapsing action of the bellows and‘also by
the lifting fluid acting against the lower end of
said valve.

In order to open the pilot valve 33 when the
pressure of the lifting fluld reaches the predeter-
mined desired point, said valve is actuated solely
by the lifting fluid pressure. As is clearly shown
in Figures 2 and 3, the pilot valve includes a
stem 38 which extends upwardly through a re-
duced counterbore 39 formed in the lower portion
of the upper section {1. A suitable packing ring
40 is disposed within g recess 41 in the counter-
bore and surrounds the stem to seal off around
said stem, The upper end of the stem extends

upwardly into the main bore 42 of the section 17

and has its extreme upper end fastened to a plug
4#3. The plug 43 is attached to and closes the
lower end of an operating bellows 44 which is
disposed within the upper portion of the section
{1. The upper end of the bellows is fastened to
a depending collar 45 which is formed integral
with a cap member 46, the latter being mounted
in position between the upper end of the sec-
tion 17 and a closure 41 having threaded con-
nection with said section.

The bellows 44 is constructed so that its nor-
mal spring action tends to expand the bellows
whereby the pilot valve attached to its lower end
is normally urged toward its seated position.

The interior of the bellows is filled (Figures 2
and 9) with a suitable fluid such as water or oil
and the upper end of said bellows communicates
with a recess 48 in the cap member 46. When
the bellows is expanded and the pilot valve seated
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(Figures 2 and 9) the fluid does not completely
fill the recess, whereby the bellows may be de-
pressed until this recess is completely filled as
illustrated in Figure 3. The volume of fluid
within the bellows will determine the amount of
movement which the bellows may undergo and
thus the fluid acts as a positive stop to limit the
travel of the pilot valve. Also, it is apparent that
when the bellows is fully depressed the fluid
completely fills said bellows and recess and since
said fluid
breaking of the bellows by an excessive external
pressure on said bellows cannot occur. Thus,
‘ the fluid not only acts as a stop for limiting
movement of the pilot valve but also acts to pre-
vent rupturing of said bellows by external pres-
sure and this is an important feature.of the in-
vention.

In addition to the normal action of the beliows

urging the pilot valve to its seated position, a -

coiled spring 48 surrounds the pilot valve stem 38
within the upper section (1. This spring has its
lower end engaging an external annular flange
or ring 48 which is secured to the stem, while
its upper end is confined against the lower end
of a fixed sleeve 58. The sleeve 8§08 has its upper
end fastened to the cap member 46 and encircles
the pilot bellows 44, The plug 43 which closes
the lower end of the bellows and has the stem
attached thereto is arranged to engage the
flanged lower end of the sleeve when the pilot
valve is in a lowered or closed position (Figure 2).
The sleeve 50 has a plurality of ports or openings
§{ therein while the upper section Is provided
with inlet ports 52 whereby the pressure of the
lifting fluid in the casing may enter the section
and then the sleeve to act upon the bellows 44
to depress the same. It is noted that the sleeve
50.could be replaced by elongate stop arms which
would serve the same purpose.

The spring 48 which urges the pilot valve to
its closed position is of a predetermined tension
and obviously, the pressure of the lifting fluid
acting against the pilot bellows 44 must reach
a predetermined pressure before the pilot valve
will open. By changing the tension of this
spring, the pilot valve may be arranged to open
at any desired lifting fluid pressure. No differ-
ential of pressure across the valve is depended
upon because the spring exerts a constant fixed
pressure on the valve which can be overcome only
when the lifting fluid pressure exceeds such con-
stant. .

In operation, a plurality of valve devices B

are connected in the tubing string {t and are °

disposed at various elevations therein. Each
valve device has its spring 48 properly adjusted
so as to exert a predetermined pressure upon, its
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is non-compressible, rupturing or
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pilot valve 33, it being preferable that the upper- -

most device be set for the highest pressure. For
example, the uppermost valve device in the tub-
ing may be set to’ open the pilot valve at 450
pounds per square inch, the next set to open at
425 pounds, the third at 400 and so on progres-
sively to the lowermost device in the tubing
which would, of course, be operated by the lowest
pressure. :

With no or insufficient pressure in the well cas-
ing. each valve device is in -the position shown
in Figure 8 with the main valve 21 open and the
pilot valve 33 closed. To initially start the de-
vices in operation, the lifting fluid is introduced
into the casing until sufficient’pressure to ex-
tend the main valve bellows 30 has been intro-
duced. It is noted that the pilot valve spring 48
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exerts a greater pressure than the main valve
bellows 30 so that said bellows is extended to
close the main valve before the pilot valve opens.
The introduction of the initial lifting fluid may
be accomplished either by closing in both tubing
and casing and equalizing pressures throughout
and then bleeding off the tubing pressure to hold
a sufficient pressure in the casing to maintain
the main valve 21 seated, or by admitiing the
lifting fluid pressure into the casing in a vol-
ume greater than the fluid can escape into the
tubing through the open main valves of the
various devices. In this latter method, it is ap-
parent that the pressure will be built up in the
casing until it becomes sufficient to close the
main valve through its action on the main valve
bellows 30. When this point is reached, no addi-
tional lifting fluid is admitted except at the
proper intervals by the intermitter.

As explained, the pressure of the lifting fluid
acts through the passage 32 and counterbore 21{
and against the interior of the main valve bel-
lows 30 to hold the main valve 27 seated or closed.
At this time, the pilot valve 33 is also closed since
the spring 48 has a greater pressure than the
spring action of the main bellows.

The liquid column in the well tubing is per-
mitted to build up to its standing level after
which the intermitter (6 actuates to admit a
charge of lifting fluld to increase the pressure of
said fluld within the casing. As this pressure
reaches the point at which the uppermost valve
is set, said pressure acting through the ports 82
in the section {71 and ports 5! in the sleeve §0
overcomes the tension of the spring 48 and de-
presses the pilot valve bellows 44 to raise the pilot
valve 33 from its seat. As soon as this occurs the
pressure within the main valve bellows 30 may
escape through the counterbore 21 and nipple 38,
with the result that the main valve 27 is unseat-
ed (Figure 3) to admit the lifting fluid into the
tubing through inlet vort 23 and nipple 25. This
lifting fluid will lift the well liquid to the surface
in the usual manner, The main valve 27 will re-
main open so long as the pressure acting upon
the pilot bellows 44 is sufficient to hold the pilot
valve open against the pressure of the spring 48.
However, when the fluid pressure in the casing
drops below the pressure of the spring 48 the pi-
lot valve closes to again trap the pressure within
the main valve bellows and thereby close the
main valve, .

The particular adjustment of the valve devices
which sets the uppermost valve to operate at the
highest pressure with each valve device therebe-
low set for progressively lower pressures also
makes it possible to effect & lowering of the work-
ing level of the well, whereby a lower lifting fluid
pressure is required for lifting purposes. When
utilized in this manner, the tubing string having
the valve devices connected therein is lowered in-
to the well and for purposes of illustration, it will
be assumed that the well is 5,000 feet deep with a
normal standing Hquid level of 4,000 feet, which-
means that the normal level is 1,000 feet below
the surface. The well packer {4 is then set with-
in the well casing and obviously, a column of liq-
uid is trapped in the annular space between the
well tubing and casing. Due to the construction
of the valve devices, those devices which are sub-
jected to & pressure greater than that for which
their respective pilot bellows are adjusted are held
open by the pressure exerted by the liquid col-

“umn. Those devices nearer the upper end of the

column which are not subjected fo sufficient
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pressure to open their pilot valves may be held
in a closed position or if such pressure is insuffi-
cient to extend the main bellows 30, the valve
may be open. ’ .
-After the packer is set, the auxiliary lifting
fluid pressure is introduced into the annular
space between the tubing and casing and the ad-
mission of the initial pressure will be sufficient
to effect closing of all of the uppermost valves
above the point at which the liquid column exerts
a pressure sufficient to hold the valves therebelow
in a closed position, with the uppermost valve de-
vice adjusted to be opened when the pressure in
the annular space between casing and tubing
reaches 450 pounds, the lifting fluid is admitted
into the casing until this pressure is reached;
since all ‘of the valve devices below the upper-
‘most one are adjusted to open at lower pressures,
it is apparent that when 450 pounds pressure is
reached, all of said devices will be open. When
the uppermost valve device opens, the lifting fluid
is admitted to the well tubing and lifts the well
liquid in the tubing above this valve device to the
surface, whereby the upper ‘portion of the liquid
column in said tubing is raised. This removal
of a portion of the liquid column lightens the load
in the well tubing and allows the well liquid to
flow from the annular space between the casing
‘and tubing and into the tubing, thereby lowering

the liquid Tevel in the annular space and raising -

the level ,inf,the tubing above the uppermost valve,
so that as the intermitter shuts off -flow, the up-

permost valve closes. As the intermitter periodi- -

cally admits lifting ‘fluid, the uppermost valve
continues to operate until the liquid level in the
casing or annular space has been lowered to per-
mit_the lifting fluld to reach the next below
valve device. . : : .

After this next device Is reached, it will con-

tinue to pass lifting fluid until the intermitter (6

shuts off the admission of lifting fiuid, at which

time the pressure within the tubing and casing

will equalize back to the operating pressure of

said second valve which, as presumed, is 425

pounds. Because the uppermost valve is set at
. 450 pounds, said valve will close and will remain
. so. Subsequent admission of lifting fluid will ac-
tuate the second valve to lift additional lquid
from the tubing and thereby further lower the
" level in the annular space until such time as the
next below valve device is reached, after which
the lifting of liquid is accomplished at the op-
erating pressure of the latter valve device. The
operation is continued until the bottom or low-
ermost valve device, which operates at the lowest
pressure is reached and from this point on, the
. lowermost valve will function to admit the lifting
fluid into the tubing to raise the well liquids en-
tering the tubing from the formation. Thus, op-
eration will continue from the lowermost valve at
its operating pressure and the upper valves will
remain closed. The arrangement permits the
working level of the well to be lowered and there-
by allows the well liquids to be lifted to the sur-
face with a minimum operating pressure.

It is pointed out that the pilot bellows 44 is
filled with & fluid which as explained, acts as a
stop or limiting means to limit upward movement
of the pilot. “The bellows completely seals its in-
terior and the adjacent recess 48 to & constant
pressure within thé pressure range of the valve’s
operation. It is pointed out that when the valves
are first run into a well having well fluid therein
the bellows are subjected to the pressure of the
liquid column which of course reflects the bottom
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hole pressure. When the necessary gas or lifting
fluid pressure is applied to actuate the valves, the
bellows is subjected to the combined pressure of
the well liquid and gas and unless some means
such as the liquid within said bellows is provided,
the bellows might be ruptured prior to operation
of the apparatus. With the arrangement shown,
damage to the bellows by excessive pressures Is
prevented. When in its extreme depressed po-
sition (Figure 3) the fluid completely fills the
bellows and thus regardless of the pressure which
may be acting on the exterior of said bellows,
there is no danger of said bellows being rup-
tured. . :

The device is simple in construction and in-
volves a minimum number of parts. It is actu-
ated solely by the pressure of the lifting gas and
eliminates the necessity of depending upon a
pressure differential across the valves for its ac-
tuation. The use of the spring 48 which con-
trols the pressure at which the device operates
makes it possible to easily adjust the device to
adapt it to particular well conditions. Although
the invention has been described as operated by
an auxiliary lifting fluid or gas, some wells may
have sufficient gas entering the casing from a
sub-surface formation and it is within the scope

-of the invention to actuate the valve devices with

such gas. In such instance, the intermitter 16
would be omitted. _ , o
The foregoing description of the invention is

-explanatory thereof and various changes in the

size, shape and materials, s well gs in the de-
tails of the illustrated construction may be made,
within the scope of -the appended claims, without
departing from the spirit of the invention. .

What I claim’and desire to secure by Letters
Patent is: S
1. A flow device adapted to be connected ina
well tubing and including, a housing having a
flow passage for establishing communication be-
tween the exterior and interior of the well tub-
ing, & main valve element for controlling the flow
through said passage, movable means acted upon
by the pressure of the fluid exteriorly of the tub-
ing for normally holding the main valve in &
seated or closed position shutting off flow through
the passage, and pilot valve means arranged to
be actuated when the pressure exteriorly of the
tubing reaches a predetermined point for releas-
ing the pressure acting on the movable means,
whereby the main valve is opened to admit flow
into the tubing upon the establishment of a pre- .
determined pressure exteriorly of said tubing.

2. A well flow device adapted to be connected
in a well tubing and including, a housing having
a flow passage extending therethrough for estab-

lishing communication between the exterior and

interior of the tubing, a main valve element with-
in the passage and movable to open and closed
positions within said passage for controlling the
flow therethrough, pressure actuated means con-
nected with the valve and having one side ex-
posed to the pressure exteriorly of the tubing for
imparting movement to the valve, said pressure
actuated means moving the valve to a closed po-
sition when acted upon by said pressure, and op-
erating means also actuated solely by the pres-
sure - exteriorly of the tubing for releasing the
pressure acting on the pressure actuated means
to effect opening of the main valve to permit a
flow through the passage and into the tubing.

3. A well flow device as set forth in claim 2,
wherein the operating means is actuated only
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when the pressure exteriorly of the tubing af-

tains & predetermined point.
4, A well flow device as set forth in cirim 2,

. wherein the cperating means is 2 pilof vaive ar-

rangement which is normaliy <lused o prevent
escape of the pressure acting on the pressure
actuated means and when opened veicases such
pressure to permit opening of the main valve.

5. A well flow dovice adapted fo be connected

"7 in & well tubing and including, 2 housing having

" g flow passage establishing -communication be-

tween the interior and exterior of the tubing, a

. main valve within the passage and movable to

open and closed positions therein for control-
ling flow therethrough, & flexible operating ele-
ment connected with the main valve and having
its interior exposed to the pressure exteriorly of

. the tubing whereby said element is actuated to

hold the main valve in & closed position, the hous-
ing ‘having an enlarged escape port extending

from the element to permit escape of the pres-’

sure acting thereon to allow opening of the main
valve, and a pilot valve actuated solely by the lift-
ing fluid pressure for controlling the flow through
said escape port, whereby said pilot must open

- before the pressure acting on the operating ele-
ment can be released to open the main valve and

admit flow into the tubing.
6. A flow device as set forth in claim 5, wherein
the pilot valve fs normglly in a closed position

.and is moved to an operi position only when the

pressure exteriorly of the tubing reaches a pre-
determined point.

7. A well flow device adapted to be connected
in & well tubing and including, & housing having
a flow passage.establishing communication be-
tween the interior and exterior of the tubing, a
main valve within the passage and movable to
open and closed positions therein for confrolling
flow therethrough, s flexible operating element
connected with the main valve and having its in-
terior exposed to the pressure exteriorly of the
tubing whereby said element is actuated to hold
the main valve in 8 closed position, the housing
having an enlarged escape port extending from
the element to permit escape of the pressure act-
ing thereon to allow opening of the main valve,
a pilot valve for controlling the flow through said
escape port, whereby said pilot must open before

. the pressure acting on the cperating element can

be released to open the main valve and admit flow
into the tubing, and a pressure operated means
exposed to and actuated by the pressure exterior-
ly of the tubing for moving the pilot vaive to an

~ open position.

8. A well flow device adapted to be connected

in & well fubing and including, 2 housing having

8 flow passage establishing communication be-
tween the interior and exterior of the housing, &

" main valve within the passage and movable to

open and closed positions therein for controlling
floy ‘therethrough, valve actuating means con-
nected with said valve and having one side there-
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a fiow passage establishing commuunication be-
fwron ihe interior and exterior of the housing, a
main valve within the passage and movable
t5 cpen aud closed positions therein- for con-
trolling flow therethrough, valve actuating mesns
connected with said valve and having one side
thereof exposed to the pressure exteriorly of
the tubing whereby such pressure holds the main
valve seated, the housing having a release port for
permitting escape of the pressure acting upon
the valve actuating méans whereby the main
valve is opened when said pressure is released, a
pilot valve normally closing the release port, and
means exerting a predetermined pressure on the
pilot valve and urging it to a closed position,
whereby the pressure exteriorly of the tubing must
reach & predetermined point before the pilot is
opened to permit opening of the main valve,

10. A well flow device adapted to be connected
4in a well tubing and including, a housing hav-
ing & flow passage establishing communication
between the interior and exterior of the housing,
a main valve within the passage and movable to
open -and closed positions therein for controlling
flow therethrough, valve actuating means con-
nected with said valve and having one side there-
of exposed to the pressure exteriorly of the tubing
whereby such pressure holds the main valve
seated, the housing having e reléase port for per-
mitting escape of the pressure acting upon the
valve actuating means whereby the main valve is
opened when said pressure is released, a pilot valve
normally closing the release port, an actuating

- bellows connected to the pilot valve for impart-.

35 ing movement thereto, said bellows being nor-

mally expanded to hold the pilot valve closed and
being depressed by the external pressure to open
the valve, and a liquid within said bellows, sald
liquid partially filling the interior of the bellows

40 when the latter is expanded and completely fill-
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- of exposed to the pressure exteriorly of the tub- .’

ing whereby such pressure holds the main valve
seated, the housing having a release port for per-

“mitting escape of the pressure acting upon the

valve actuating means whereby the main valve is
opened when said pressure is released, & pilot

. valve normally closing the release port, and an
. operating bellows connected to the pilot valve
_and exposed to the pressure exteriorly of the tub-

ing so as to be actuated thereby.
9. A well flow device adapted to be connected
in & well tubing and including, a housing having

T

5

ing said interior when depressed, whereby the
liquid functions as a stop to limit depression of
the bellows and also acts to prevent rupturing of
the bellows by excessive external pressure.

11. A flow device as set forth in claim 9, to-
gether with a liquid within the operating bel-
lows. said liquid completely filling the interior
of the bellows after the same has been actuated,
whereby said liquid not only limits the movement
of the bellows but also protects the same from
collapsé and rupture due to excessive external
pressures. ’

12. A flow device as set forth in claim 9, where-
in the means exerting a predetermined pressure
on the pilot valve is a spring.

13. A well flow device as set forth in claim 7,
wherein the pressure operated means is an oper-
ating bellows, together with a liquid within said
bellows, said liquid completely filling the interior
of the bellows after the same has been actuated,
whereby said liquid not only limits the movement
of the bellows but also protects the same from
collapse and rupture due to ‘excessive external
pressure. .

14. A well flow device as set forth in claim 1,
wherein the pilot valve means fs connected to 2
bellows which is exposed to and actuated by the
pressure exteriorly of the tubing, said bellows
having its interior partially filled with liquid
when in an extended position and having said in-
terior completely filled when in a retracted posi-
tion, whereby said liquid functions to limit move-
ment_of thé bellows and also to prevent ruptur-
ing thereof-by external pressures.

15. A well flow apparatus including, a well cas-
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ing, a well tubing extending axially through the
casing and having a well liquid inlet at its lower-,

end, means for introducing a lifting gas underd:

pressure into the annular space between the cas-

ing and tubing, and a plurality of flow devices &

mounted in the tubing, each device having a flow
passage for establishing communication between
the casing and tubing and having a movable main
valve element and alse having a movable pilot

valve, said main valve element being held closed 10

by the pressure in the well casing and being
adapted to be opened solely by the casing pres-
sure acting upon the pilot valve which pilot valve
releases the pressure holding said movable main

" valve closed, each device having its pilot valve 15

operable at a different pressure from the pres-
sures at which the other devices operate, whereby
the devices may be progressively aperated by
varying the pressure of the lifting gas being ad-
mitted to the casing.

.20

16. A well flow apparatus as set forth in claim
15, wherein the flow devices are spaced through-
out the length of the tubing and wherein the
uppermost device is set to operate at the highest
pressure with the remaining devices being set at
successively lower pressures with the lowermost
device operating at the lowest pressure.

17. A well flow apparatus as set forth in claim
15, wherein the movable valve element has an
operating bellows connected therewith with the
interior of said bellows exposed to the casing
pressure,

18. A well flow apparatus as set forth in claim
15, wherein the pilot valve is connected with a
bellows having its exterjor exposed to the casing
pressure, whereby when said pressure attains a
predetermined point the bellows is compressed to
actuate the pilot and thereby permit opening of
the movable valve element. .

ROBERT O. WALTON.

£



