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This invention relates to that type of device
for flowing liquids from wells customarily re-
ferred to as gas lift devices, and more particu-
larly has reference to a valve mechanism where-
by the admission of gas or air to a column of
liquid within & well may be controlled.

Tt is an object of this invention to provide &
valve for controlling the admission of gas or air
into a column of liquid within a well in which a

main valve for controlling such admission is

controlled by a pilot valve mechanism. It is a
further object that such pilot valve mechanism
may so control the operation of ‘the main valve
that the gas or air will not be admitted to the
column of liquid within the welt until said col-
umn: of liquid shall have attained a predeter-
mined height. )

Tt is a further object of this invention to pro-
vide a valve combination in which the main
valve will be operated by pressure admitted
thereto through a pilot valve, and in which theé
pilot valve will in turn be operated in accordance

with the pressures existing in the gas or air

to be admitted to a column of lquid and the

pressure within the column of liquid itself.
Other objects and advantages of this inven-

tion will become apparent from the following de-

_scription taken in connection with the accom-

panying drawing, it being distinctly understood
that such drawing and description are by way
of example and illustration only, and are not to
be taken by way of limitation. Limitation of
the scope of this invention is to be only by the
prior art and by the terms of the appended
claims.”

In the drawing:

Fig. 1 is a view showing a well in vertical
cross section.and illustrating in elevation the
application of valves constructed in accordance
with this invention te a string of tubing within
the well. :

Tig. 2 is a vertical cross section illustrating

one of the valves and a section of the tubing

shown in Fig. 1 with the main valve in closed

50

position.

Fig. 3 is & view similar to Fig. 2, but showing
the main valve in open position.

With reference again to Fig. 1, the well is
illustrated as being provided with 2 casing |,
having a screen or perforated pipe 2 on the lower

.end thereof within the producing formation.

The tubing ¢ extends to a. position within the
screen 2 through the interior of the casing, and
is provided at intervals with shori sections of

. fittings 4 to -which the valves later to be de-

 the valve is partly open to restrict the amount
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seribed are connected. At a point above the up-~
per end of the-screen or perforated pipe 2 there

'is provided a packing 5 which seals up the lower

end of the space within the casing. It is to be

understood, of course, that the tubing is open at 5

its lower end within the screen or perforated
pipe 2 so that fluid entering through the screen
or perforated.pipe will flow into the tube and
upwardly out of the well..

_Each of the fittings 4 is provided with an upper

laterally extending member 6, and a lower mem-

ber 1, both of which members are secured fo the
outer surface of the fitting 4 as by means of weld-
ing 8 and §8’. . .

The upper member 6 has a hollowed out por-
tion 9 which is connected to the interior of the
tubing by means of a passageway 10. Adjacent
the lower end of this hollowed out portion § it is
provided with a countersink {! for the purpose
of receiving packing or the like, and this coun-
tersink is threaded adjacent its lower end to re-
ceive the nut 12. The upper portion of the valve
housing {3 extends into the hollowed out portion

. 9 and a fluid packed seal is formed between the

walls of the hollowed out portion and the ex-
terior of this housing 18 by means of the packing
11 just referred to. L
Within the housing (3 there is shown the main
valve member {4 having a shoulder -5 adjacent
its upper end adapted to seat against a corre-~
sponding shoulder formed on the interior of the
housing 13 to close the valve. Projecting heyond
this shoulder 15 is a conical shaped - portion
forming a sort of metering pin adapted when

of gas or air entering therethrough. This con-
jcal shaped member 16 extends past the shoulder
within the housing {3 and info the passageway
17 which leads to the hollowed out portion § of
the member 8, and thence by way of the passage-
way 10 to the interior of the tubing. Just below
the shoulder within the housing {3 the housing

is provided with an enlarged portion {8 com-

municating with the exterior of the housing
through the passageway 8. The lower portion
of the housing {3 is provided.with an enlarged
opening 20 of 4 size to receive the spring 2
which surrounds the lower end.of the main valve
element 4. This spring 24 bears against the
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flange 22 on the lower end of this valve element gq
and serves to constantly urge the main valve to ~

open position, .
The lower end of the housing (8 is interiorly

threaded at 23 to receive the threaded upper end

of the pilot vaive housing 24, and the pilot valve
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2]
housing is in turn extericrly threaded a3 its lowsr
end into the socket member 7 which, 2 hersto-
fore described, is welded or otherwise secured o
the exterior wall of the tubing 4. This member
? is provided with a passageway 25 thereto con-
necting the interior of the pilot valve housing 25
with the interior of the tubing.

At its upper end, the valve housing 24 is in-
teriorly threaded to receive the bushing 27 in
which are formed the downwardly facing valve
seats 28 and 28. Below this bushing 27 the hous-
ing 24 is provided with a portion 39 of enlarged
diameter which when the bushing 27 is in place
forms a chamber within the housing. The lower
end of this chamber is an upwardly facing valve
seat 31 controlling an opening leading to the
chamber 32 in the lower end of the pilot valve
housing.

Through a passageway 32 in the pilot valve
housing and the bushing 27, the space 34 between
the valve seats 23 and 29 is placed in communi-
cation with the body of gas or air under pressure
which is to be admitted into the column of fAuid.
The chamber 30 between the bushing 27 and
the upwardly facing valve seat 31 is in com-
munication with the chamber 20 in the lower
part of the main valve housing through a pas-
sageway 3% which is clearly shown in Figs, 2 and
3 of the drawing.

Extending downwardly through the bushing 271
is a valve stem 36 carrying thereon valve ele-
ments 37 and 38 adapted to seat, respectively,
against the seats 28 and 28 in the bushing 21.
Within the chamber 30 this valve stem is of
somewhat enlarged diameter as shown at 38, and
at its lower end is provided with a reduced
tapered section forming. a valve element 49
adapted to seat against the upwardly facing valve
seat 31. The lower portion 4! of this valve stem
is surrounded by a washer or the like 42 fixedly
mounted thereon adapted to receive the upper
end of a spring 43 which constantly urges the
valve stem together with all its valve elements
into their uppermost position. The lower portion
41 of this valve stem is provided with a bore
opening laterally at 44 just below the valve ele-
ment 40. So that when the valve element 40 is
moved from its seat, fluid contact is established
between the chamber 39 and the interior of the
tubing.

In operation, the space within the casing above
the packer § is filled with gas or air under a pre-
determined pressure. Considering, for the sake
of simplicity, the operation of but a single valve,
it will be assumed that in the beginning there is
no oil standing in the tubing above this valve.
Under these conditions, in view of the fact that
the valve element 37 is considerably smaller than
the valve element 38, the pressure of the gas or
air in the space between the casing and the tub-
ing will cause the valves 37.and 38 to be unseated,
and will cause the valve stem 36 to move down-

"wardly until the valve element 40 is seated

against its seat 3/. When in this position, the
air or gas under pressure will enter through the
passageway 33, pass downwardly by the valve 38
and upwardly by the valve 37, thus entering the
chamber 20 both through the passageway 35 and
directly past the upper end of the stem 36. This
gas under pressure will act upon the lower end
of the main valve element 14 and will force it to

"closed position against the action of the

spring 21. .
As the oil flows into the well from the produc-
ing formation, and the oil column rises in the
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tubing 3, it will upon reaching & certain hsignt
exert a pressure through ths passageway 0
which taken with the force exerted by the spring
43 will be sufficient to move the valve stern 3
and its associated valves so that the valve 32 will
be unseated and the valves 37 and 3§ will be
seated despite the pressure exerted by the ges or
air within the casing. When this oecurs, no more
gas or air can flow from the space within the
casing into the chamber 28, and the chamber 3
will be vented through the pasageway 35, the
chamber 30, and the passageways 44 and 23 into
the tubing. The pressure within the chamber 283
will thus be permitted to fall until it is the same
as the pressure within the tubing.
space above the valve element 14 is always 2t the
same pressure as the space within the tubing,
the only force then exerted on the main valve
clement {4 will be that exerted by the spring 21
tending to move the main valve to open position.

When the main valve is thus moved to open
position air or gas under pressure is admitted
from the space within the casing into the tubing
through the passageways {8 and 10, and the
column of fluid within the tubing is aerated and
caused to move upwardly and out of the well.

As soon as the column of fluid has moved up-
wardly and out the well so that the pressure ex-
erted through the passageway 2§ is relieved by
a predetermined amount, the force with which
this pressure has been urging the valve stem 3§
upwardly is reduced so that the pressure from
the interior of the casing acting with unbalanced
forces upon the valve elements 37 and 38 may
again move the valve stem 38 downwardly.
When the valve stem 36 is moved downwardly
a slight amount, a small amount of gas or air
will be admitted into the chamber 30, and to the
chamber 26, thus tending to close the main valve
i4, and as soon as there is sufficient differential
between the pressure within the casing and that
within the tubing, the valve stem 36 will sgain
move to its lower position as shown in Fig. 2,
in which position the gas or air pressure will be
permitted to close the main valve {4,

It is to be noted that the upper end of the
vaive stem 36 projects into the chamber 28, and
that when the main valve is moved to fully open
position upon closing of the valves 3T and 38 it
will strike the valve stem 36 and tend to open
these valves and close the valve 40. It is con-
templated that this action may take place and
that the valves 37 and 38 may be moved slightly
from their seat several times as the tubing pres-
sure drops, before the valves 37 and 38 finally
are opened far enough to seat valve 40.

It will be seen from the foregoing that there
has been provided a device in which a pilot valve
serves to control the action of the main valve
for admitting gas or air under pressure into a
column of fluid. In this connection it may be
stated that wherever in this specification and
the accompanying claims “gas” is referred to, the
term is to be taken as having reference to any
gaseous medium, It is further apparent that this
pilot valve is controlled by the pressure exerted
by the column of fluid so that it will be operated
to cause the opening of the main valve when the
column of fluid within a tubing has reached a
predetermined height.

It is further to be noted that by this invention
there has been provided a device in which a rela-
tively large and heavy main valve is positively
actuated in accordance with the movements of a
relatively light and sensitive pilot valve.

Since the j
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It will readily be seen that the resulting ap-
paratus is of a highly sensitive and efficient na-
ture, and is fully capable of carrying out all the
objects and advantages sought by this invention.

Having described my invention, I claim:

i. In combination with a flow line positioned
in a well, a gas lift pumping device, including, a

- pressure actuated main valve for controlling the
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admission of gas into the flow line, and a pilot
valve for controlling the pressure acting on said
main valve to actuate the same, said pilot valve
being subject in its operation to variations in
pressure in said flow line.

2. In combination with a flow line positioned
in a well, & gas lift pumping device, including, a
pressure actuated main valve for controlling the
admission of gas into the flow line, a pilot valve

for controlling the pressure acting on said main

valve to actuate the same, said pilot valve being
subject in its operation to variations in differen-
tial between the pressure of gas to be admitted
into said flow line and the pressure within the

~flow line itself.

3. In combination with a flow line positioned
in a well, 8 gas lift pumping device, including, &
main valve, & pressure actuated pilot valve for
controlling the pressure acting on said main valve
to actuate the same, and means connected to
said pilot valve and subject to the pressure exist-
ing within said fiow line for actuating said pilot
valve in accordance with variations of pressure
within said fiow line. :

4. Tn combination with a flow line positioned
in o well, a gas lift pumping device, including, &
pressure actuated main valve for controiling the
admission of gas into a column of fluid, a pilot
valve for controlling the pressure acting on said
main valve to actuate the same, and means con-
nected to said pilot valve and subject to the pres-
sure within said flow line and to the pressure
of the gas to be admitted into said flow line,
whereby said pilot valve will be actuated accord-
ing to variations in the differential between said
pressures.

5. In combination with a flow line positioned
in a well, a gas lift pumping device, including, a
pressure actuated valve for controlling admission
of gas into the flow line, and a pilot valve for
controlling the pressure acting on said first men-
tioned valve to hold said first mentioned valve

in closed position when the pressure in said flow .

line is below a predetermined minimum, and to
permit said first mentioned valve to move to open
position when the pressure in said flow line rises
above said minimum. . )

6. In combination with a flow line positioned
in a well, a gas lift pumping device, including, a
pressure actuated valve for controlling admission
of gas into the flow line, means for constantly
urging said valve to open position, a pilot valve
for admitting pressure to hold said first . men-
tioned valve in closed position when the pres-
sure in said flow line is below a predetermined
minimum, and to relieve a portion of said pres-

sure to permit said means to move said first .

mentioned valve to open position when the pres-
sure in said flow line rises above said minimum.

7. In combination with a flow line positioned
in a well, a gas lift pumping device, including, a
pressure actuated main valve for controlling the
admission of gas into the fiow line, & spring tend-

_ ing to open said main valve and a pilot valve for

controlling the pressure acting on said main valve
to govern the actuation thereof,
8. In combination with a flow line positioned

3

in a well, a gas lift pumping device, including, a
main valve for controlling the admission of gas
into the flow line, said main valve having parts
adapted to be actuated by fluid pressure, and
pilot valve means for selectively subjecting said
parts to the pressure of the gas to be admitted
to sald flow line and to the pressure within said
flow line. :

9. In combination with a flow line positioned
in a well, a gas lift pumping device, including, a
main valve for controlling the admission of gas
into the flow line, said main valve having parts
adapted to be actuated by fluid pressure, pilot
valve means for selectively subjecting said parts
to the pressure of the gas to be admitted to said
flow line and to the pressure within said flow
line, and means constantly urging said pilot valve
means to a position subjecting said ‘main valve
parts to the pressure within said flow line.

10. In combination with a flow line positioned
in.a well, a gas lift pumping device, including, a
main valve for controlling the admission of gas
into the fiow line, said main valve having parts
adapted to be actuated by fluid pressure, and pilot
valve means for controlling the admission of
pressure to said parts to actuate the main valve,
said pilot valve means comprising a valve for ad-
mitting to said parts the gas to be admitted to
said flow line, and means for closing said last
mentioned valve and subjecting said parts to the
pressure within said fiow line when the column
of fiuid in the flow line attains a predetermined
heilght. .

11. In combination with o flow line positioned
in & well, o gas iift pumping device, in-
cluding, a main valve for controlling the ad-
mission of gas into the flow lne, said main
valve having paris adapted to be actuated by
fuid pressure, and pilot valve means for com-
trolling the admission of pressure to said parts
to actuate the main valve, said pilot valve
means comprising a valve for ad aitting to sald
parts the gas to be adnritted to ssid flow line,
g second valve for subjecting said parts to the
pressure within said flow line, and loading means
constantly urging both of said last mentioned
valves toward a position subjecting said parts
to the pressure within said flow line.

12. In combination with a flow line positioned
in a well, a gas lift pumping device, In-
cluging, a main valve for controlling the ad-
mission of gas into the flow line, said main
valve having parts adapted to be actuated by
fluid pressure, and pilot valve means for con-
trolling the admission of pressure to said parts
to actuate the main valve, said pilot valve
means comprising a valve for admitting to said
parts the gas to be admitied to said flow line,
s second valve for subjecting said parts to the
pressure within said flow line, loading means
constantly urging both of said last mentioned
valves toward a position subjecting said parts
to the pressure within sald flow line, said last
mentioned valves having parts subjected to the
pressure of said gas to oppose the action of said
loading means and parts subjected to the pres-
sure within said flow line to aid the action of
said loading means. '

13. In combination with & fow line positioned
in & well, a gas lift pumping device, in-
cluding, a main- valve for controlling the ad-
mission of gas into the flow line, said main
valve having parts adapted to be actuated by
fiuid pressure, and pilot valve means for con-
trolling the admission of pressure to said parts
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to actuate the main wvalve, said pilot valve
means comprising & valve for admitting to spig
parts the ges to be admitied to said fiow lHne,
& second velve for subjecting said parts to the
pressure within said flow line, loading menns
constantly urging both of szid last mentioned
valves foward a nosition subjecting said nares
to the pressure within said flow line, said Izgh
menticned valves having perts subjected to the
pressure of said gas to cppose the action of goid
loading mesns and parts subjecied to the DrEg=
sure within said fow line to z2id the acilon of
seld loading meens, seid last mentioned veives
also having e part adepted to bs sctusied g
movement of the msain valve to open wposition
to move said last mentiched valves to adrmait {0
the fiuid pressure sctuated parts of the mein
valve the gag to be admitied to said fiow Hne.

1%, In combination with g fiow line positioned
in a well, & gas liff pumping device, in-

chiding, a main valve for controlling the ad-
mission of gas into the fAow line, ssid mein
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velve having peris adapied to be actusted by
fiuid pressure, and pilot velve means for selec-
tively subjecting said parts $0 the pressure of
the gas to be admitted to said fow line and o
the pressure within seid flow line, said pilot valve
meens including o part adapted to ke sctusted
by movement of the main valve to cpen position
to move said pilot valve meons to admit to the
fuid pressure actuated parts of the main valve
the gas which is te be admitted to said Sow line.

15, In combinetion with a fiow line positioned
in a well casing, s gas iift pumping device In-
cluding a pressure zctuated main valve for con-
srolling the admission of ges into & fow line, said
valve being contrelied by the varying differential
oressures in the ficw line and the casing, 2 spring
tending te open seid valve, and pllot valve means
to conidrol the pressure acting on the sald main
valve so thet when said pressure is reduced o o

predetermined soint, sald spring will open said o

main veaive,
CLYDER V. TRMPLE,
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