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3 Claims.

This invention relates generally to gas lift
apparatus employed in deep wells for preduction
purposes and is more particularly directed to
what is commonly referred to as a flow valve. .

It is the principal object of the present inven-
tion to provide an improved type of flow valve
for inducing pressure gas into a column of well
fluid and automatically operable to closed or
open positions under predetermined differential
pressure conditions between said gas and said
fluid column at said valve, and to provide a valve
of the piston type which is subjected at opposite
-ends to such pressure conditions and is provided
with tension means for controlling the differen-
tial under which said valve functions, said ten-
sion means being replaceable by other similar
tension means of different tension value to vary
sald differential factor.

One form which the invention may assume is
exemplified in the following description and il-
lustrated by way of example in the accompany-
ing drawing, in which:

Fig. 1 is a semi-diagrammajtic longitudinal sec-
tion through a well installation illustrating one
use of my improved flow valve,

Fig. 2 is an enlarged vertical section threugh
a valve unit constructed in accordance with the
present invention,

Fig. 3 is a transverse section taken on the line
ITT—IIT of Fig. 2, ;

Fig. 4 is a transverse section taken on the line
IV—IV of Fig. 2.

In the example illustrated in Fig. 1, A desig-
nates the well casing and B designates the tubing
string which, at the surface, communicates with
the production line 19 and is provided with a
bressure gauge If. The upper end of the casing
A is closed in the usual manner and is provided

with .a pressure gauge 12, Communicating with -

the upper end of the casing is a pressure line 13
by means of which gas or air under pressure may
be pumped into the casing.

The tubing string B is, near its lower end,
provided with a standing valve 14 and with a
screen section 5 and, in instances where it is
necessary or desirable, a packer 18 may be posi-
tioned between the tubing and the interior of
the casing at a point above said screen.

C designates the flow valve units which are
incorporated in the tubing string B and form
detachable sections thereof, each valve unit pro-
viding a production flow passage of a uniform
diameter substantially equal to the internal di-
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the balance of the tubing string, whereby there
is provided an unobstructed tubing string afford-
ing full flow of the well fluid and permitting
-swabbing and such other operations as may he
necessary or desirable.

Referring to Figs. 2, 3 and 4 of the drawing,
it will be observed that the valve unit C com-
brises a main body which, primarily for economy
of manufacture, is formed of a relatively short
length of tubing 17 suitably screw-threaded at
its opposite ends for incorporation in the tubing
string B. At one side on this tubular body i1
there is disposed a head-guide 18 and a rela-
tively spaced tail-guide 19 vertically aligned

therewith, said guides being preferably formegd of
separate pieces welded or otherwise securely fixed

to the body 17 to function as rigid parts thereof.
One of the functions of these head and tail guides
is to safely guide the tubing string in its installa-
tion in and withdrawal from the well casing and
to protect the valve mechanism which is sup-
ported between said guides.

The valve mechanism is disposed closely ad-
Jjacent and parallel to the exterior surface of the
tubular body I7T and includes a tubular valve
body 20 which is screw-threaded into the under-
side of the head-guide 18 with its bore provid-
ing a valve chamber whose upper end is in com-
munication with a gas passage 21 formed in said
head-guide and through the wall of the tubing
IT to discharge inte the tubing string.

Secured in the upper end of said valve body
20, preferably by a drive fit therein, is an annu-
lar valve seat 22 and at an appreciable distance
below said seat said body is provided with one or
more transverse gas inlet ports 23 which commui-
nicate with the valve chamber and with the an-
nular space between the tubing string and the
interior of the well casing.

The lower portion of the valve body 20 is coun-
terbored to provide a spring chamber 24 and is
provided with a terminal cap 25 screw-threaded
thereon, the lower end of said cap having a cen-
tral recess formed therein for engagement by g
retaining screw 26 which is screw-threaded in
the tail-guide 19. This retaining screw main-
tains the lower end of the valve body against
transverse displacement and also prevents an
accidental unscrewing of the valve body from
the head-guide 18, while at the same time pro-
viding & means which may be actuated to re-
lease such restraint so that the valve body 20
and its contained parts may be easily detached
from the main body of the unit for repair or
replacement. '
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Slidable within the bore of the valve body, be-
low the valve seat 22, is a piston valve 2T whose
upper end is adapted to engage said valve seat
to close the gas passage 21. The lower end of
the valve 21 is enlarged to provide a piston 28
which is slidable within the spring chamber 24
and provides on said valve an annular spring
abutment shoulder. A coil compression spring
29 surrounds the valve 27 and is disposed with-
in the spring chamber to engage the upper wall
thereof and the piston 28 so as to mechanically
exert a pressure on the valve normally tending
to translate it downwardly to the open posi-
tion shown in Fig. 2, in which position its upper
valve end will be below the gas inlet ports 23
and its lower end will seat against the terminal
cap 25.

The terminal cap 25 is centrally recessed down-
wardly from its upper interior surface, as. at 30,
and is provided with one or more transverse pas-
sages 21 intersecting said recess so as to permit
entrance of exterior gas into the lower end of
the valve body bore and thus subject the valve
to the pressure of the gas in the well casing,
with such gas pressure being exerted in a valve
closing direction in opposition to reverse pres-
sure exerted by the valve spring and by such
fluid or gas pressure 2s may be exerted upon the
opposite or valving end of said valve.

Preparatory to placing a well on production a
series of the flow valve units C will be installed "
in the tubing string B at relatively spaced inter-
vals of about three hundred to four hundred
feet, depending upon the characteristics and pro-
duction requirements of the particular well in- 35
volved, with the uppermost unit submerged a
predetermined distance below the normal static
fluid level in the well.

With the apparatus properly installed-in the
well, as indicated in Fig. 1, the several flow valves
are normally maintained open, as shown in Fig. 2,
by their respective springs which determine the
pressure differential under which they function.

To place the well on production compressed
gas will be admitted into the annular space be- 45
tween the well casing and the string of tubing,
from which space said pressure gas will be.en-
trained into the tubing area through the .re-
spective flow valves under control of the pres-
sure differential established by the valve.springs.

Each of the flow valves will operate inde-
pendently of the others and will provide an auto-
matically functioning means for -transferring
pressure gas from the casing area into the tub-
ing area when pressure conditions . within the 55
tubing at the valve level equal the difference be-
tween the casing pressure and the fension pres-
sure of the valve spring. ' .

If the spring 29 is so constructed as to impart a
downward force of one hundred pounds-on the
valve stem 217, that force is effective as a differ-
ential pressure between the casing and the tubing
pressures. Therefore, if the casing pressure
varies, as it will under any operation, from two
hundred pounds to one thousand pounds, -the 65
controlling pressure under the valve stem will
keep the valve in seated position and closed
against the transfer of gas from the casing to
the tubing.

To open a closed valve, it is a requirement that 7o
a pressure (fluid head or otherwise) be obtained
within the tubing, above the particular valve in
question, equal to the casing pressure minus the
spring differential pressure. :

Tor example, let it be assumed that the upper- 75
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most flow valve C in the tubing string B is lo-
cated one hundred feet below the normal static
fluid level which is the same both within the
tubing and within the casing A.

Assuming also that the well fiuid is of that
gravity which will impart a “head” pressure of
.35 pound per foot of height, then the “head”
pressure of the fluid standing in the tubing above
said top valve will total one hundred feet multi-
plied by .35 pound or thirty-five pounds.

Considering further that the size of the an-
nulus area between the casing and the tubing is
five times the area of the tubing, then as pressure
gas is admitted to the casing, the well fluid in
the casing must be transferred into the tubing
(or back into the formation when the packer 16
is not employed) .

Since the valve under consideration is one
hundred feet below the static fluid level, the
pressure necessary to move the fiuid from the
annulus must be sufficient to support a fiuid col-
umn in the tubing extending five hundred feet
above the static fiuid level or six hundred feet
above said valve. This six hundred feet of fluid
in the tubing will then present a “head” pressure
of six hundred feet times .35 pound or two hun-
dred ten pounds. This two hundred ten pounds
“head” pressure will then represent the load re-
quirement on the valve and the pressure within
the casing will have to be increased only slightly
to permit the valve to be opened.

If the “differential” built into the valve spring
29 is one hundred pcunds, the valve 27 will open
when the pressure load in the tubing is one hun-
dred pounds less than the pressure in the casing.

When the valve is opened under these pres-
sure conditions, the load of two hundred ten
pounds is engaged by a force of three hundred
ten pounds and must move upwards, that being
the line or direction of least resistance in the
tubing. As soon as the inertia of this load has
been overcome, it will require less pressure to
keep it moving, and as the pressure cannot be
reduced, there will be an increase in- velocity.
This increase in velocity of the upwardly mov-
ing fluid column in the tubing will be a uniform
accelerated velocity and a pressure drop will oc-
cur across the valve seat. When the' pressure
drop at that point is equal to the “differential”
force of the valve spring 29, the gas pressure
exerted upon the lower piston end 28 -of the valve
27 will force the valve to its upper position, clos-
ing the gas inlet ports 23 and engaging the valve
seat 22 and arresting the injection of gas through
the gas passage 21 and into the tubing string.

With the valve thus closed, the operating cycle
thereof is completed, and as the fluid continues
to rise in the tubing, this top valve will be in oper~
ation as frequently as pressure conditions within
the tubing are equal to the reguirements of that
valve. :

The valves below the top or uppermost valve
become effective as the fluid level in the well cas-
ing is lowered, each valve operating indepénd-
ently of all others. In this manner it is possible
to flow a well at any predetermined rate of pro~
ducticn by controlling the casing pressures ap-
plied.

Attention is directed to the fact that the gas
inlet ports 23 are spaced a considerable distance
from the valve seat 22, This provides an early
cut-off of the gas inlet ports 23 and thus promotes
a relatively quick closing action of the valve,
and also prevents certain eroding efiects of the
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pressure gas which might otherwise cause trouble
through leakage.

From the foregoing it will be understood by
those skilled in the art that my improved valve,
being automatically operable by differential pres-
sure conditions of the lifting gas and the produc-
tion column at the valve, will provide a flow
means fully capable of meeting various flow re-
quirements incident to the gas lift method of
production, and that, by reason of the fact that
the controlling differential factor, as predeter-
mined by the valve spring tension, may be varied,
said valve may easily and quickly be condi-
tioned to meet definite requirements depending
not only on the characteristics of a particular
well, but also upon the producer’s requirements as
to the allowable production rate as determined
by operating conditions or prorated allowables.

While the device herein illustrated and de-
scribed is a preferred form of embodiment of
the invention, it is to be understood that various
changes of structure may be made by those skilled
in the art without departing from the spirit of
the invention as defined in the appended claims.

Having thus described my invention, what I
claim and desire to secure by Letters Patent is:

1. In combination with a well tubing and cas-
ing with a compressed air chamber therebe-
tween, a flow valve, a housing therefor having

relatively large and small cylindrical portions ¢

and having a shoulder between said portions,
ports extending from the compressed air cham-
ber to the small cylindrical portion, and a port
leading from one end of the small cylindrical
portion into the tubing, a piston having a close
fit with the small eylindrical portion and slidable
therein so as to cover or uncover said ports lead-
ing to the compressed air chamber, a head on
the piston, said head having a close fit with the
large cylindrical portion, means whereby the
outer end of said head is exposed to the pressures
in the compressed air chamber, and a spring
interposed between the head and the -said
shoulder.
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2. In combination with a well tubing and cas-
ing, with a compressed air chamber therebe-
tween, a housing, a small piston chamber in one
end of said housing and a communicating large
chamber in the other end thereof, a shoulder at
the end of the large chamber adjacent the small
piston .chamber, a piston slidable in the small
piston chamber and having a snug fit therewith
and exiting into the large chamber, a head in
said large chamber and on said piston, said head
making a snug fit with the large chamber, a
spring interposed in said large chamber between
the shoulder and said head, means whereby the
outer portion of said head is exposed to the pres-
sures in the compressed air chamber, ports ex-~
tending from the compressed air chamber into
the small piston chamber immediately above
the end of said piston when it is in extreme open
Dposition, and adapted to be closed by said pis-
ton when the piston is in closed position and a
bassageway leading from the small piston cham-
ber into the tubing,

3. In combination with a well tubing and cas-
ing with a compressed air chamber therebe-
tween, a flow valve having a spring chamber
and a piston chamber, a piston slidable in said
piston chamber and extending into said spring
chamber, a head on one end of said piston and
making a snug fit with said spring chamber, so
as to prevent fluid from passing into said spring
chamber, ports leading from said compressed air
chamber into said piston chamber, a spring in
said spring chamber and acting on said head to
move said piston, so as to open said ports, a pas-
sageway leading from the piston chamber into
the well tubing so that pressures in the tubing
will be exerted on the piston, said spring yield~

ing to allow the piston to close said ports when .

the casing pressure exceeds the tubing pressure
plus the tension of the spring and the weight of
the piston.

EDWARD D. PARKER.




