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This invention relates to well tools and more par 
ticularly to air or gas lift valves for use in producing 
oil wells or the like by controlling the admission of gas 
or air into a column of liquid in the well to lift the 
column and aid in flowing the liquid from the well. 

In conventional gas lift systems, the well equipment 
includes one or more strings of relatively small pipe called 
the "tubing” which is inserted inside a large diameter 
pipe called the "casing.” Gas or air under pressure is 
introduced into the annular space or annulus between the 
tubing and the casing and is injected through suitable 
gas lift valves located at longitudinally spaced points 
along the tubing into the column of liquid inside the 
tubing in order to lift the liquid in the tubing to the 
surface. 
The gas lift valves may be mounted exteriorly of the 

tubing string and communicate with the interior of the 
tubing through suitable ports in the wall of said tubing, 
or may be removably mounted in specially prepared land 
ing nipples constituting sections of the tubing wherein 
each valve is positioned laterally of the principal tubing 
bore, the nipples having suitable gas inlet ports, so that 
the tubing bore remains open for the passage of other 
tools therethrough as is fully shown and described in 
the patent to Canalizo, 2,954,043. The valves may also 
be removably positioned in the tubing bore or be fixed 
in position in the tubing bore. Alternatively, the gas 
lift valves may be mounted on the tubing string itself 
and be disposed thereabout as is fully explained and dis 
closed in the patent to Cummings, 2,642,889. 
The gas lift valves may be of three general types, the 

pressure operated type which are generally biased toward 
a closed position by any suitable means, as by a charge 
of compressible gas, and which open when the pressure 
of the air or gas in the annulus exceeds a predetermined 
value; tubing pressure responsive valves which open when 
the pressure within the tubing exceeds a predetermined 
value; and differential pressure valves which are respon 
sive to the pressure differential between the tubing and 
the annulus. 
The tubing pressure responsive valves and the pressure 

differential responsive valves open when the height of 
the column of liquid in the tubing to be lifted attains 
a predetermined value, but they tend to remain open 
for a period of time so long that more than enough gas 
to lift the column of liquid is likely to be admitted into 
the tubing, thus causing waste of gas. The annulus pres 
sure responsive valves open regardless of the height of the 
column of the liquid in the tubing and therefore may 
also cause loss of gas since the column of liquid may 
not at the time of opening have attained the desired 
height. Since, for maximum efficiency of operation, it 
is desirable that each valve open only when the annulus 
pressure reaches a predetermined value and the height 
of the column of the liquid or oil in the tubing has also 
attained a predetermined height, so that the valve will 
not open if the column of liquid has not attained the 
predetermined height even if the annulus pressure has at 
tained its predetermined value, and, conversely, the valve 
also will not open if the column of liquid has attained 
the predetermined height, but the annulus pressure has 
not attained its predetermined value. Moreover, if two 
or more strings of tubing are inserted in the casing and 
each must be provided with gas lift valves, gas lift valves 
which are responsive only to the annulus pressure may 
be mounted on only one of the strings of tubing since if 
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two or more strings of tubing were provided with the 
annulus pressure responsive gas lift valves, whenever 
one or more of the valves of one of the strings opens, 
the valves of the other strings would thereafter not open 
since the flow of the gas into such tubing string whose 
valve opened first would immediately decrease the pressure 
in the annulus and the valves of the other strings would 
never open. 

Accordingly, an object of this invention is to provide 
a new and improved gas lift valve which will open only 
when the annulus pressure attains a predetermined value 
and the pressure differential between the tubing and the 
annulus exceeds a predetermined value. 
Another object is to provide a gas lift valve which 

will close whenever the pressure in the annulus of the 
well drops below the predetermined value. 

Still another object is to provide a gas lift valve which 
will open only when a column of liquid of predetermined 
height is present within the tubing above the valve and 
the pressure within the annulus of the well exceeds a 
predetermined value. 
A further object is to provide a gas lift valve which 

automatically opens and closes when predetermined pres 
Sure conditions exist within the tubing and the annulus 
to prevent waste of the lifting gas by causing opening of 
the valve to permit flow of lifting gas into the tubing 
only when the proper conditions obtain within the tubing 
and the annulus and which closes whenever the pressure 
conditions within the annulus require closing thereof to 
prevent wastage of gas. 
A still further object is to provide a new and improved 

gas lift valve, a plurality of which may be used on the 
same string or on a plurality of strings within a well 
and which may be set to open at the same or different 
annulus pressures provided that the heights of the columns 
of liquid in the tubings above the valves attain predeter 
mined heights. 

Additional objects and advantages of the invention 
will be readily apparent from the reading of the follow 
ing description of a device constructed in accordance with 
the invention, and reference to the accompanying draw 
ings thereof, wherein: 
FIGURE 1 is a view, partly in section and partly in 

elevation, of a gas lift valve embodying the invention 
installed in a side pocket of a mandrel connected in a 
string of tubing disposed in a well casing; 
FIGURE 2 is an enlarged view, partly in section and 

partly in elevation, with some parts broken away, of 
the gas lift valve of FIGURE 2, showing the valve in 
closed position; 
FIGURE 3 is a view similar to FIGURE 2 showing 

the valve in open position; 
FIGURE 4 is a sectional view taken on line 4-4 of 

FIGURE 3; 
FIGURE 5 is a view, partly in section and partly in 

elevation, with some parts broken away, showing a tubing 
String provided with a modified form of the valve illus 
trated in FIGURES 1 through 4; 
FIGURE 6 is a view, partly in section and partly 

in elevation, of another form of the gas lift valve em 
bodying the invention; 
FIGURE 7 is a fragmentary sectional view of a por 

tion of the gas lift valve illustrated in FIGURE 6; 
FIGURE 8 is a fragmentary sectional view of another 

modified form of the gas lift valve illustrated in FIG 
URE 6; 
FIGURE 9 is a sectional view taken on line 9-9 of 

FIGURE 8; 
FIGURE 10 is a schematic sectional view showing a 

tubing string provided with the gas lift valves embody. 
ing the invention; and, 
FIGURE 11 is a vertical, sectional schematic view of 
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a well having two strings of tubing each provided with 
gas lift valves embodying the invention. 

Referring now more particularly to FIGURES 1 
through 4 of the drawing, a gas lift valve 20 embodying 
the invention is receivable in the offset pocket 22 of a 
landing nipple or mandrel 23, the pocket being laterally 
offset from the longitudinal bore 24 of the mandrel. The 
mandrel 23 is connectable in a tubing string T to form 
a Section thereof and is connected at its upper and lower 
ends to the usual tubing sections 25. The tubing of 
course extends through the usual well casing 27 of the 
well. The tubing and the casing may extend from a 
producing formation to the surface of the ground and 
may be provided with a packer, not shown in FIGURE 1, 
below the mandrel in a manner well known to the art. 
The pocket may be formed of an upper section 28 

and a lower section 29 welded together and having a 
common longitudinal bore 30 opening upwardly. The 
pocket may be eccentrically affixed in the wall of the 
mandrel, as by the welds 31. An internal annular lock 
ing recess 32 near the upper end of the upper pocket 
Section is engageable by a lock dog 34 of the removable 
gas lift valve 20, as will be more fully explained below. 
A plurality of ports 36 through the wall of the lower 

pocket Section provide fluid communication between the 
exterior of the nipple and the interior of the pocket and 
a discharge port 37 at the lower end of the pocket pro 
vides fluid communication therethrough between the bore 
30 of the pocket and the bore of the tubing string. 
The valve 20 includes a tubular chamber body 40 

whose upper end is closed by a charging sub 41 having 
a charging valve 42 threaded in an opening in the upper 
end thereof and a plug 43 threaded into the sub above 
the charging valve. The charging valve permits flow 
therethrough into the chamber 44 of the chamber body 
but prevents reverse flow from the chamber. The charg 
ing valve may be similar to the well known pneumatic 
Valve used for the introduction of air into pneumatic 
tires. The locking mandrel 45 which carries the expansi 
ble and retractible lock dog or latch means 34 is threaded 
onto the upper reduced end 46 of the charging sub to 
protect the plug from damage. An O-ring or other 
Suitable sealing means 47 is disposed in an external an 
nular groove of the charging sub 41 and seals between 
the tubular chamber body 40 and the charging sub. 
An intermediate tubular body 48 is threaded into the 

lower end of the chamber body 40 and is provided with 
a plurality of lateral gas entry ports 49 through its wall 
for a purpose to be more fully hereinafter described. A 
tubular lower Sub 50 is threaded into the lower end of 
the intermediate tubular body and is provided with 
threads 5 at its lower end whereby the guide and flow 
cap 53 may be threaded thereon. The guide and flow 
cap is provided with downwardly opening ports 54. 
A valve mandrel 55 having a bore 56 open at its upper 

end has mounted on its lower end a tubular control 
sleeve or closure member 58 closed at its lower end and 
constructed of a resilient material such as rubber, neo 
prene, and the like. The outer surface of the closed 
lower end of the closure sleeve approximates a hemi 
sphere. The closure sleeve is held in position on the 
lower end of the valve mandrel by an inwardly extend 
ing annular flange 60 at the upper end of the closure 
sleeve which resiliently engages an upwardly facing an 
nular shoulder 61 on the outer surface of the lower por 
tion of the valve mandrel and by the downwardly facing 
internal annular shoulder 63 of the intermediate tubular 
body which engages the upper annular end surface of 
the closure member 58. 
The valve mandrel is inserted through the lower end 

of the intermediate tubular body to protrude upwardly 
therethrough and is held in place in the intermediate 
tubular body by the engagement of the external annular 
shoulder 65 thereof with an internal annular shoulder 
66 formed by a counterbore of the intermediate tubular 
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body and by a nut 68 and a lock nut 69 threaded on the 
upper end of the valve mandrel, the nut 68 engaging the 
upper end of the intermediate tubular body 48. 
An O-ring or other suitable seal means 71 disposed in 

an annular groove in the external surface of the valve 
mandrel seals between the mandrel and the intermediate 
tubular body above the downwardly facing shoulder 66 
thereof while a similar seal means 71a disposed in an 
annular groove in the intermediate body 48 seal between 
the intermediate body and the chamber body 40. 
An O-ring or other suitable sealing means 72 is dis 

posed in an annular external groove of the lower sub 
which seals between the lower sub 50 and the intermediate 
tubular body below the ports 49. The outer surface 
of the valve mandrel is relieved at its lower end 73 to 
provide an annular space 74 between the lower outer 
surface of the valve mandrel and the inner surface of 
the closure member. Lateral ports 75 of the valve 
mandrel provide communication between the bore 56 
of the valve mandrel and the space 74 between the 
closure member and the mandrel. 
The cylindrical inner seal surface 77 of the body 48 

below the shoulder 63 includes the area in which the 
ports 49 are located. The closure sleeve is of such free 
diameter as to normally engage the cylindrical seal 
Surface 77 to close the ports 49 and to function in a man 
ner to be hereinafter more fully described. 
A retainer or support member 80 having a concave 

upper surface 81 conforming to the convex lower outer 
Surface of the closure member supports the lower end of 
the closure member and is in turn supported by means 
of its downwardly facing annular shoulder 83 on the 
upper end of the lower sub 50. A plurality of circum 
ferentially spaced longitudinal slots 85 in the outer Sur 
face of the retainer 80 provide passages for the flow of 
fluids therepast. 
A check valve 86 is secured to the lower end of the 

retainer by a cap screw 87 which extends into a suitable 
threaded downwardly opening bore of the retainer. The 
check valve is of a resilient substance or material, such 
as rubber, neoprene, or the like, and has a lower lip 39 
which provides a cylindrical outer surface which is seal 
ingly engageable with the internal cylindrical seal surface 
98 of the lower sub 50 located below the lower end of 
the retainer. The cup shaped check valve is disposed in 
the Substantially concave downwardly facing recess 92 in 
the lower end of the retainer 80. 
The construction of the check valve permits flow of 

fluid or lifting gas downwardly through the slots 85 of 
the retainer and thence past the lower lip of the check 
valve, the lip of the check valve flexing inwardly to permit 
Such flow. Flow of fluid or gas in an upward direction 
is prevented by the sealing engagement of the lower lip 
with the cylindrical sea surface 90 of the lower sub. 
The lip of the seal element is normally in closed position 
in contact with the bore wall of the lower sub but readily 
flexes inwardly to permit downward flow therepast. 
An upper Sealing means or assembly 80 shown to 

be of the V-type is disposed on the outer surface of the 
intermediate tubular body 48 and is retained thereon 
between an upwardly facing external annular shoulder 182 
of the intermediate body above the ports 49 and the 
lower end of the chamber body 40. A similar lower 
Sealing means 104 disposed on the outer surface of the 
lower sub 50 between a downwardly facing external 
annular shoulder 105 of the lower sub and the upwardly 
facing annular shoulder 107 of the guide and flow cap 
53. The upper and lower sealing means 500 and 64, 
respectively, are adapted to sealingly engage the bore 
wall 109 of the pocket 22 above and below the ports 36. 
The lower sub 50 has an internal annular flange which 

provides an internal annular shoulder 10 on which rests 
the annular valve seat it which is secured to the lower 
sub by any suitable means as by silver soldering. A tubu 
lar valve cage 113 is disposed in the lower sub above the 
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valve seat with its lower end abutting the upwardly facing 
annular shoulder 114 of the lower sub. The valve cage 
is provided at its upper end with an internal annular 
fange 15 through which slidably extends the pressure 
differential responsive valve 126. The valve cage has 
lateral apertures 117 above the annular shoulder 18 of 
the lower sub formed by the enlargement of the bore 119 
of the lower sub. The pressure differential responsive 
valve is biased toward its upper open position, illustrated 
in FIGURE 3, by a spring A26 disposed about the valve 
whose lower end bears against the annular flange 115 of 
the valve cage and whose other end bears against the lower 
surface of the external annular fange 121 of the valve 
16. 
The upper reduced end portion 123 of the valve extends 

into the downwardly opening blind bore 125 of a Spider 
126 disposed in the upper enlarged portion 127 of the 
bore 119 of the lower sub. The upper reduced portion 
123 of the pressure differential responsive valve has a close 
fit with the cylindrical surface defining the blind bore 
3.25 of the spider which is close enough to prevent any 
appreciable flow of fluids therepast so that the pressure 
within the bore above the pressure differential valve will 
not tend to escape therebetween. A seal such as an O-ring 
could be provided in an external annular groove of the 
reduced portion of the pressure differential valve to seal 
between the spider and the valve but such seal would in 
crease the frictional forces between the spider and the 
pressure differential responsive valve and would thus de 
crease the sensitivity of the pressure differential responsive 
valve. 
Downward movement of the spider is limited by the 

engagement of its lower end with the internal annular 
shoulder 28 of the lower sub and upward movement of 
the spider is limited by its engagement with the snap ring 
130 which is received in a suitable internal annular groove 
of the lower sub. The spider has a lateral port 132 whose 
inner end opens into the upper end of its blind bore 125 
and whose outer end opens into the external annular flow 
recess 33 of the spider. The spider is provided with a 
pair of external upper and lower seal means, such as 
O-rings 35 and 36, respectively, which are disposed in 
Suitable external annular recesses of the spider. The 
O-rings Seal above and below the flow recess with the inter 
nal surface of the lower sub defining the upper enlarged 
portion 27 of the bore 19 of the lower sub above and 
below the lateral port 37 of the lower Sub which com 
municates with the enlarged portion of the bore of the 
lower sub and with the flow recess 133 of the spider. The 
port 37 opens to the exterior of the lower sub above 
the lower sealing means 64. 
The spider has a plurality of longitudinally extending 

flow passages 140 which open downwardly into the bore 
119 of the lower sub and upwardly into the region of the 
lower sub below the check Valve 86. 
The pressure differential responsive valve 116, when the 

gas lift valve is disposed in the offset pocket 22 of the 
mandrel, is exposed to the pressure within the bore of 
the tubing through the port 37 of the pocket and the 
downwardly opening ports 54 of the flow and guide cap 53. 
The tubing pressure acts upwardly on the area of the 
pressure differential responsive valve i3 which lies with 
in the circle of contact between the valve seat 111 and 
the lower arcuate end of the pressure differential respon 
sive valve. The pressure within the annulus between the 
tubing and the well casing 27 acts on the upper surface 
of the upper reduced portion 123 of the pressure differ 
ential responsive valve since fluid pressure from the an 
nullus may now enter into the upper portion of the blind 
bore 125 of the spider through the port 132 and the 
annular flow recess 133 of the spider, the lateral port 
137 of the lower sub, the bore of the pocket 22 and the 
lateral port 36 of the pocket. It will be apparent there 
fore that the annulus pressure tends to move the preSSure 
differential responsive valve 116 downwardly to its closed 
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6 
position while the tubing pressure and the force of the 
spring 120 tend to move the valve to its upper open posi 
tion. 

It will now be seen that, since the areas of the pres 
sure differential valve exposed to the annulus and tubing 
pressures are equal, the force of the spring 120 will be 
effective to move the valve to its upper open position 
whenever the tubing pressure increases above a prede 
termined value which is, however, lower than the value 
of the annulus pressure, it being apparent that the annu 
lus pressure is maintained at a higher value than the 
tubing pressure during gas lift operations. Thus, it is 
the load of spring i20 that determines the differential 
pressure at which the valve operates. This is independent 
of the pressure responsive portion of the gas lift valve. 
For instance, chamber 44 might be charged to 500 p.s. i. 
so that intake ports 49 will open when the annulus pres 
sure rises above 500 p.s. i. and will close when it falls be 
low 500 p.s. i. If spring 120 is loaded to equal 200 p.s.i. 
then, whenever the difference between the annulus and 
tubing pressures decreases to 200 p.s. i., the spring 120 will 
lift valve 16 to its open position. Thus, the valve 116 
would open when the annulus and tubing pressures were 
400 and 200 p.s. i., respectively, 500 and 300 p.s. i., re 
spectively, or 600 and 400 p.s.i., respectively. By vary 
ing the loading of spring 120, the differential pressure 
can be varied as desired 
Chamber 44 is charged beforehand to the desired pres 

sure. The annulus is generally charged to a slightly 
higher pressure. By increasing the annulus pressure, a 
higher column of liquid will be needed in the tubing to 
open valve 116, but more cubic feet of gas will be stored 
in the annulus. The valve will still operate at the same 
differential because the load of spring 120 is not changed. 

in use, before the gas lift valve is installed in position 
in a landing nipple 23 of a tubing string whose lower end 
is open to permit well fluids from a producing formation 
to flow into the tubing, the annulus below the landing 
nipple being closed by a packer in the usual manner, the 
chamber 44 is charged with a compressible fluid, such as 
air or gas, to a predetermined operating pressure through 
the charging valve 42 after which the plug 43 and the lock 
ing mandrel 45 are connected to the charging sub. The 
pressure of the charge in the chamber 44 is then corn 
municated through the port 75 of the valve mandrel to 
the space 74 between the mandrel and the closure mem 
ber or control sleeve 58 thereby holding the closure mem 
ber in closing or sealing contact with the cylindrical in 
ner seal surface 77 of the intermediate body across the 
lifting gas intake ports or slots 49 of the intermediate 
body. It will be evident that as long as the pressure ex 
teriorly of the ports 49 is less than that in the interior of 
the chamber 44 and the space 74 between the valve man 
drel and the closure member, the closure member will 
be maintained in closed position and in sealing contact 
across the gas intake ports 49 forming a tight closure 
therefor. The slots are sufficiently narrow that the ma 
terial of the valve member does not extrude therethrough 
to any material degree. The closure member is retained 
in position on the lower end of the valve mandrel by 
the concave upper surface 8 of the retainer 80 and by 
the confinement of the flange 60 of the closure member 
between the upwardly facing shoulder 61 of the valve 
mandrel and the downwardly facing shoulder 63 of the 
intermediate body. 
The gas lift valve 20 is then lowered into the tubing 

string in the well known manner by means of a flexible 
line lowering mechanism (not shown) and is moved 
laterally in the landing nipple 23 in a manner well known 
in the art to position the valve in the pocket. The valve 
is lowered in the pocket until its downward movement is 
stopped by the engagement of the external flange 40 of 
the locking mandrel with the upper end of the pocket 22, 
the locking dog or latch means 34 being cammed resil 
iently inwardly against the biasing means (not shown) 
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in the locking mandrel as the valve is lowered into the 
pocket. The locking dog or latch means is moved out 
wardly into the locking recess 32 by the biasing means 
to releasably hold the valve in position in the pocket. The 
upper and lower sealing means 109 and 64 sealingly en 
gage the bore wall 109 of the lower pocket section above 
and below, respectively, the ports 36 of the landing nip 
ple above and below the intake ports 49 and 137 of the 
valve. The pressure in the annulus between the tubing 
string and the casing is increased or brought to its oper 
ating level by the injecting of gas or air thereinto at the 
surface of the well. If the lifting gas pressure in the an 
nulus exceeds the present or preloaded pressure in the 
chamber of the valve, the closure member moves inwardly 
to open the intake ports 49 whereupon the lifting gas 
will tend to flow therethrough into the intermediate body, 
through the slots 85 of the retainer and past the check 
valve 86 to the longitudinal passages 140 of the spider 
and thence through the bore 119 of the lower sub. How 
ever, such flow of the lifting gas cannot take place since 
the pressure differential valve is still in its lower closed 
position in engagement with the valve seat 11 closing 
the discharge port 2 thereof. The pressure differential 
valve is in its closed position since the lifting gas pres 
Sure is communicated to the blind bore 125 of the spider 
and tends to hold the pressure differential valve in its 
lower closed position. 
When the well liquid, which enters into the bore of 

the tubing string through its open lower end, rises to a 
predetermined height above the gas lift valve, the hydro 
Static pressure exerted by the column of liquid acting 
against the lower end of the pressure differential valve 116 
rises above a predetermined value, which however is 
below the pressure of the lifting gas in the annulus, and 
the pressure differential valve 16 moves upwardly to its 
open position to open the gas discharge passage or port 
112 since the spring 120 also tends to move the pressure. 
differential valve to its open position. Since the pressure 
of the lifting gas is now greater than the pressure within 
the tubing string, the lifting gas flows inwardly through 
the intake ports 49, since the closure member is now in 
its open position; through the longitudinal slots 85 of the 
retainer 80 past the check valve whose lip now moves out 
of sealing engagement with the cylindrical sealing sur 
face 90 of the lower sub; through the longitudinal flow 
passages 40 of the spider into the bore 119 of the lower 
sub below the spider; through the lateral ports 117 of the 
valve cage 113; thence through the discharge passage 
12 of the annular valve set and the flow passages 54 of 

the flow and guide cap 53 into the lower portion of the 
pocket below the sealing means 104 of the gas lift valve; 
and thence through the port 37 of the pocket into the 
bore of the mandrel 23. The gas entering the column of 
liquid raises the pressure in the tubing and lifts the liquid 
to the Surface in the usual manner. 

It will be noted that the pressure differential respon 
sive valve 16 will prevent any flow of lifting gas into the 
tubing, even if the annulus pressure exceeds the pressure 
necessary to move the closure member 58 to its open 
position, until the proper conditions obtain within the 
well, i.e., the pressure differential between the annulus 
and bore of the tubing string drops to a predetermined 
value which is caused by the column of liquid in the tub 
ing string above the gas lift valve attaining a prede 
termined height. 

Since the rate of flow of the lifting gas through the gas 
lift valve now exceeds the rate of injection of the lifting 
gas into the annulus at the surface, the pressure in the 
annulus decreases. When the pressure in the annulus 
fails below that in the chamber 44 of the gas lift valve, 
the pressure of the charge of air or gas in the chamber 44 
is effective to move the closure member 58 into engage 
ment with the cylindrical sealing surface 77 to again close 
the intake ports 49 and all flow of the lifting gas through 
the gas lift valve will now cease even though the pressure 
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8 
differential responsive valve E6 may still be in its open 
position. The closure member may not close the intake 
ports 49 to stop all flow through the valve at this time 
but may throttle or regulate the flow of lifting gas so 
that the rate of flow therethrough equals the injection rate. 
As the column or slug of liquid is expelled from the tub 
ing at the surface, the pressure in the tubing decreases. 
When the tubing pressure falls below a predetermined 
value, the differential in the pressure acting on the upper 
and lower ends of the pressure differential responsive 
valve 116 causes the pressure differential responsive valve 
16 to be moved back to its closed position, since the 
force of pressure of the lifting gas in the annulus acting 
on the upper end of the pressure differential responsive 
valve 116 becomes great enough to overcome the forces 
exerted on the valve by the spring $20 and the fluid 
pressure within the tubing acting on the lower end of the 
pressure differential valve. The valve is now again in 
its initial position and as the injection of the lifting gas 
into the annulus at the surface continues, the pressure in 
the annulus again rises above the predetermined value 
necessary to cause the closure member 58 to be moved 
to its open position and the pressure differential valve 
116 will again open when the liquid in the tubing again 
rises to the predetermined height at which time the valve 
156 will again open to permit gas to be injected from the 
annulus into the tubing to lift another column or slug 
of liquid to the surface. 

It will be noted that at no time during the operation of 
the gas lift valve can the liquid from the formation in 
the tubing string flow into the annulus through the gas 
lift valve since the check valve 86 closes off upward flow 
through the valve by the sealing engagement of its lip 
with the sealing surface 98 of the lower Sub 50. 

It will thus be seen that for any predetermined pressure 
condition of the lifting gas within the annulus, the gas 
lift valve illustrated and described in FIGURES 1 through 
4 will open only when the desired predetermined condi 
tions obtain in the tubing string, i.e., when a column of 
liquid of predetermined height is in the tubing string 
above the gas lift valve, and that the valve will close 
whenever the pressure within the annulus decreases below 
a predetermined value. 

it will further be seen that the gas lift valve has means 
providing lifting gas intake port means, such as the ports 
49 through which lifting gas from the annulus is per 
mitted to flow into a passage of the valve, i.e., the bore 
of the intermediate body below the intake ports and the 
bore of the lower sub, and has discharged port means, 
such as the passage 112 of the valve seat and the ports 
54 of the flow and guide cap 53, which communicate 
with such passage of the valve and with the interior of 
the tubing. It will further be seen that valve means re 
sponsive only to the pressure of the annulus are provided 
for closing the intake port means whenever the pressure 
within the annulus drops below a predetermined value 
and that valve means responsive to the pressure differ 
ential between the tubing and the annulus are provided for 
opening the discharge port means whenever Such pressure 
differential drops below a predetermined value, which 
occurs when a column of liquid of predetermined height 
is present in the tubing above the discharge port means. 
A number of the landing nipples or mandrels 23 may 

be included at spaced intervals in the tubing string where 
by a plurality of gas lift valves may be mounted therein. 
The gas lift valves at different levels in the tubing may 
be set to operate at the same or different pressures, and 
any of the valves may be installed or removed from any 
landing nipples by means of flexible line operating mecha 
nisms without disturbing any of the valves or landing 
nipples in a manner already known in the art. 
The gas lift valve 20 may be mounted on the exterior 

of a landing nipple 150, which is connectable by the 
usual couplings (not shown) in a string of well pipe or 
tubing and which may also be disposed in the well casing 
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27 of a well. The landing nipple 150 is provided with an 
external injection lug 15 having an injection passage 152 
which opens into the bore of the landing nipple through 
the lateral port 53 thereof. The upper portion of the 
injection passageway is enlarged and threaded as at 54 
to receive the lower reduced threaded portion 5 of the 
lower sub of the gas lift valve 20, the locking mandrel 
45 is then replaced by a protective cap 45a to protect the 
plug 53 and the charging sub 41. Since the valve is now 
on the exterior of the nipple, the upper and lower seal 
ing means 90 and 1694 are unnecessary and are removed. 

It will be apparent that the gas lift valve 20 functions 
in exactly the same manner when mounted on the exterior 
of the landing nipple 150 as when disposed within the 
pocket 22 of the landing nipple 23. The landing nipple 
150 may also be provided with a protective guide lug 157 
disposed above the upper end of the valve 20 to prevent 
damage to the valve as the tubing is lowered into or 
pulled from the well. 

Referring now particularly to FIGURES 6 and 7 of 
the drawing, the modified gas lift valve 200 embodying 
the invention includes a tubular body or mandrel. 20 
normally having the same dimensions as the tubing string 
in which it is to be connected to form a section thereof. 
The upper and lower ends of the mandrel are externally 
threaded whereby they may be connected to adjacent Sec 
tions of a string of well tubing by the usual coupling col 
lars (not shown). The mandrel 201 is provided with 
a plurality of circumferentially spaced discharge ports 202 
through which lifting gas may be introduced into the tub 
ing string from an annular passage 283 formed about 
the mandrel by the mandrel and a sleeve 205 mounted on 
the mandrel. The sleeve 265 is mounted on the exterior 
of the mandrel and includes a lower closure section or 
ring 206, a port section 207, and a top closure Section 208. 
The lower closure section 206 of the sleeve is provided 
with an internal annular flange 209 having a filler port 
210 which has an enlarged bore portion 211 in which 
is disposed the spring 212 which biases the ball check 
valve 23 toward the valve seat 214 threaded in the Outer 
enlarged portion of the filler port 210. The orifice 215 
of the valve seat may be closed at its outer end by a plug 
217. It will be apparent that when the plug 217 is 
removed, gas or air under pressure may be caused to flow 
upwardly through the filler port 210, reverse flow being 
stopped by the engagement of the check valve 213 with 
the valve seat 24. 
The lower closure section of the sleeve is held against 

downward movement on the mandrel 201 by the nut 220 
and the lock nut 221 threaded on the mandrel. An O 
ring 223 or other suitable sealing means is disposed in a 
suitable annular recess of the mandrel to seal between the 
mandrel and the internal flange 269 at the lower end of 
the lower section of the sleeve. 
The port section of the sleeve is provided with a plu 

rality of intake slots or ports 225 which open into the 
lower end of the passage 203 and which may be closed 
by a tubular closure member 226, formed of a resilient 
substance, such as rubber, neoprene, or the like. The 
lower end of the closure member is held in position in 
the sleeve by means of a closure ring 228 whose external 
annular flange 229 is disposed between the lower and 
upper ends of the port section 207 and the lower closure 
section 206 of the sleeve, respectively, and which may be 
secured to the lower closure section in any Suitable man 
ner, as by the weld 239. The lower end of the closure 
member is provided with an external annular flange 232 
which is engaged between the beveled downwardly and 
outwardly extending annular shoulder 233 of the port 
section and the upwardly facting annular shoulder 235 
of the closure ring 228. An O-ring or other Suitable Seal 
ing means 237 may be disposed in an external annular 
recess of the closure ring above the external flange 229 
thereof to seal between the port section of the sleeve 
and the closure ring. 
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A tubular support and guide member 240 has a lower 

end portion 241 which telescopes into the upper end of 
the closure ring 228 and an external downwardly and 
outwardly extending flange 242 which engages the upper 
end of the closure ring, which is of similar configura 
tion, to support the guide and support member on the 
closure ring. The guide and support member has an 
internal diameter greater than the external diameter of 
the mandrel so that fluid may flow upwardly and down 
wardly therebetween. 
The upper end of the closure member is provided with 

an internal annular flange 244 which is received in an 
external annular recess 245 of the mandrel. The upper 
end portion of the flange is held in the recess by the 
tubular retainer 248 whose downwardly and outwardly 
extending annular shoulder 249 engages the upper end 
of the closure member and whose internal cylindrical 
lower surface 250 engages the exterior of the upper por 
tion of the closure member to hold it against outward 
displacement from the recess 245. The retainer 248 is 
held against movement on the mandrel 201 by an suitable 
means, such as the tangential locking pins 252 which ex 
tend through suitable aligned recesses of the mandrel and 
of the retainer, as is well known in the art. A suitable 
O-ring or other sealing means 253 is disposed in an ex 
ternal annular recess of the mandrel to seal between the 
retainer and the mandrei below the tangential locking 
pins 252. 
The closure ring, the lower closure section and the 

closure member form a chamber 255 about the mandrel 
which may be filled with air or gas under pressure 
through the filler port 210. The force of the gas under 
pressure will cause the closure member to engage the in 
ternal cylindrical sealing surface 257 of the port sleeve 
to close the ports 225 thereof until the pressure exteriorly 
of the port sleeve exceeds the pressure of the gas in the 
chamber 255 and moves the closure member to the open 
position illustrated in FIGURE 6. 
The lower end of the retainer provides a downwardly 

and outwardly extending support surface 260 for the 
closure member when the closure member is in its closed 
position. The retainer has a plurality of external lon 
gitudinal slots 262 which permit flow of fluids upwardly 
through the passage 203 from the slots 225 to the gas dis 
charge ports 2602 of the mandrel when the closure mem 
ber is in its open position. A tubular check valve 265 is 
disposed in the passage 203 between the intake and dis 
charge ports. The check valve has a lower end portion 
received in the enlarged portion 266 of the bore of the 
retainer 248 and has an internal annular flange 267 re 
ceived in the external annular recess 268 of the mandrel. 
The internal flange is held against upward displacement 
in the recess 268 by means of the retainer rings 269 and 
270 disposed on opposite sides of the O-ring or sealing 
means 272 which seals between the mandrel and the 
lower portion of the check valve above its flange. The 
upper free end or lip 275 of the tubular check valve is 
adapted to engage the internal annular seal surface 276 
of the port section 207 of the sleeve above the upper end 
of the retainer to prevent flow of fluids from the dis 
charge ports 202 downwardly through the slots 262 and 
to the intake ports 225 of the port section of the sleeve. 
The upper internal surface of the retainer may be beveled 
upwardly and outwardly, as at 277, to provide a support 
for the check valve. 
The top closure section 208 of the sleeve has a lower 

reduced portion 280 which telescopes into the upper end 
of the port section. 207 of the sleeve and which provides 
an annular downwardly facing shoulder 281 for engag 
ing the upper end of the port section to hold the port 
section and the lower closure section against upward 
movement on the mandrel. The lower reduced portion 
of the top section has a reduced external annular recess 
in which is disposed an O-ring or other suitable sealing 
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means 282 for sealing between the top closure section 
and the port section of the sleeve. 
The upper end of the top closure section is provided 

with an internal annular flange 284 whose upper portion 
is threaded to engage the external threaded portion of the 
mandrel 201 and whose lower portion provides the seal 
ing surface 286 engaged by the O-ring 287 disposed in 
the external annular recess of the mandrel which seals 
therebetween. 

It will be apparent that due to the provision of the nut 
220 threaded on the lower portion of the mandrel and the 
provision of the threaded internal flange 284 of the top 
closure section threaded on the upper portion of the 
mandrel, the various sections of the sleeve are rigidly 
mounted on the mandrel in the relationship illustrated 
and described. 
The top closure section is provided with a plurality of 

longitudinally extending elongate external recesses 290, 
each having an aperture 29 which is aligned with a dis 
charge port 202 of the mandrel. A valve guide 294 is 
rigidly mounted in the aperture 29 and secured therein 
in any suitable manner, as by welding. 
The stem 296 of a valve 297 extends through the aper 

ture 298 of the valve guide and through the central 
apertures provided in the leaf springs 300 and 301 located 
in the elongate slots and whose opposite ends are rigidly 
secured to the top closure section by the screws 303 re 
ceived in threaded bores of the top closure section. The 
leaf springs engage the external flange 305 on the outer 
end of the stem of each valve 297 and bias the valve 
outwardly toward the open position illustrated in FIG 
URE 7 wherein the engagement of the annular shoulder 
310 of the enlarge arcuate head 311 of the valve limits 
outward movement of the valve. The arcuate valve head 
when moved inwardly to the closed position, illustrated 
in FIGURE 6, engages the valve seat 313 about the dis 
charge port 202 and closes the discharge port against flow 
of fluids therethrough. The stem of the valve has a close 
sliding fit with its valve guide to prevent flow of fluids 
therebetween. The areas of the valve 297 exposed to 
the tubing and annulus pressures are substantially equal 
so that the valve will move to open position due to the 
force exerted thereon by the leaf springs before the pres 
sure within the tubing rises in value to equal the pressure 
in the annulus. 

It will now be apparent that the gas lift valve 280 will 
function in the same manner as the valve 20 illustrated 
in FIGURES 1 through 4 to permit lifting gas to flow 
from the annullus through the intake ports into the pas 
sage 203 and thence through the discharge ports into 
the tubing only when the pressure in the annulus ex 
ceeds a predetermined value and a column of well liquids 
of the desired height is present in the tubing above the 
discharge ports. 

In use, one or more of the gas lift valves 266 may be 
connected in longitudinally spaced locations in the tub 
ing T. A compressible gas, such as air, is introduced 
into each of the chambers 255 through the filler ports 
20, the ball check valves 213 opening to permit such 
flow of gas into the chambers. The closures 217 are 
then threaded into the valve seats to close their orifices. 
The pressure of the charges of compressible gas in the 
chambers 255 cause the closure members 226 to move 
to their closed positions in sealing engagement against 
the cylindrical sealing surfaces 257 of the port Sections 
207 and thus close the intake ports 225. The chambers 
'of the gas lift valves may be charged to the same pressure 
or to different pressures. The tubing is then lowered 
into position in the casing 27 of the well so that the 
well fluids from a producing formation flowing into the 
casing through the perforations 320 thereof may flow up 
the open lower end of the tubing string which is disposed 
below the usual packer P which closes the annulus be 
tween the tubing and the casing below the lowermost 
gas lift valve 200. 
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Lifting gas is then injected into the annulus between 

the tubing string and the casing and the surface through 
a suitable regulating means. The pressure of the lifting 
gas in the annulus acting on the pressure differential re 
sponsive valve 297 of each gas lift valve now holds the 
valves 297 in engagement with their seats 313 against 
the force exerted by the pressure within the tubing and 
the force exerted by the leaf springs 300 and 301 which 
bias the valves toward their open positions. When the 
pressure of the lifting gas within the annulus exceeds 
the pressure of the charge of gas in chamber 255 of a 
gas lift valve, the closure member 226 thereof moves to 
open position to permit flow of lifting gas through the 
intake ports 225 into the cylindrical space or passage 
203 between the mandrel and the sleeve 205 above the 
intake ports, but since the valves 297 are now in their 
closed positions, lifting gas may not flow into the tubing 
string through the discharge ports 202. When liquid 
rises up through the open lower end of the tubing string 
to a predetermined height above the discharge ports 202 
of the gas lift valve whose intake ports are open, the 
hydrostatic pressure of the column of liquid acting on 
the valves 297 is effective, in conjunction with the force 
exerted by the leaf springs 300 and 30, to move the 
pressure differential valves 297 to their open positions, 
whereupon the lifting gas flows through the discharge 
ports into the tubing from the passage 202 to lift the 
column or slug of well liquids to the surface. The flow 
of lifting gas from the annulus through the gas lift valve 
now reduces the pressure in the annulus, since the gas 
flows from the annulus through the gas lift valve at a 
faster rate than it is being injected into the annulus at 
the surface. When the pressure within the annulus falls 
below the pressure in the chamber 255 of the open gas 
lift valve, the pressure of the charge of gas in the cham 
ber 255 is effective to move the closure member 226 
again towards closed position closing the intake ports 225. 
The further flow of lifting gas into the tubing is thus 
restricted although the pressure differential responsive 
valves are still open. As the column of liquid is ex 
pelled from the well at the surface, the pressure in the 
tubing decreases since lifting gas is flowing through the 
gas lift valve at a much reduced rate. In fact, at this 
time, the rate of flow, in cubic feet per minute, is theo 
retically identical through both the surface choke and 
the gas lift valve since the closure member 226 cooperates 
with intake ports 225 to greatly restrict or to regulate 
the flow through the valve. When the pressure in the 
tubing decreases sufficiently, the force of the pressure 
of the lifting gas in the annulus is effective to overcome 
the force of the leaf springs and the force of pressure 
within the tubing acting on the pressure differential re 
sponsive valves 297 to move the pressure differential 
valves to their closed positions. The gas lift valve is 
now again in its initial position wherein the intake ports 
225 and the discharge ports 202 are closed. As the 
pressure in the annnlus again rises above the pressure 
in the chamber 255, the closure member again will move 
to its open position to permit flow through the intake 
ports 225 but flow of the lifting gas into the tubing through 
the gas lift valve will not take place again until the height 
of the column of well liquid in the tubing again rises to 
the predetermined height above the discharge ports of 
the gas lift valve. 
The chambers 255 of the gas lift valves 200 connected 

in the tubing string T may be charged to the same pres 
sure or to different pressures. For example, the cham 
ber 255 of the uppermost valve may be charged to high 
pressure with each succeeding valve being charged pro 
gressively to smaller pressure so that the intake ports 225 
of each valve will be opened at a lower annulus pressure 
than each valve thereabove. Alternatively, the cham 
bers 255 of each of the gas lift valves 200 of the tubing 
string T may be charged to the same pressure and their 
pressure differential responsive valves 297 may be biased 
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by the leaf springs 300 and 361 to open upon the oc 
currence of the same predetermined pressure differential 
conditions between the tubing string and the annulus. 
Each valve will then open to permit lifting gas to flow 
into the tubing whenever the pressure within the annulus 
attains a predetermined value greater than the pressure 
within the chamber 255 thereof to open the closure 
member and the hydrostatic pressure condition within 
the tubing above the ports 202 of such valve reaches 
the desired value, i.e., the column of liquid above the 
discharge ports 202 of such valve attains the predeter 
mined desired height. 

It will thus be apparent that the valves 260 are pro 
vided with the closure members or valve means 226 for 
their gas intake ports 225 which open when the pressure 
within the annulus attains a predetermined value and with 
the pressure differential responsive valves 297 closing 
the discharge ports 202 which open when the pressure dif 
ferential between the tubing and the annulus decreases to 
a predetermined value due to the attainment of a prede 
termined height by the column of liquid within the tubing 
string above such gas lift valve, so that lifting gas will be 
introduced into the tubing from the annulus only when 
the conditions within the tubing and the annulus provide 
for the most efficient utilization of the lifting gas. 

It will further be seen that the annullus pressure respon 
sive valve or closure member 226 closes whenever the 
pressure within the annulus decreases below the prede 
termined value. 

In FIGURE 11 is illustrated a well in whose casing 27 
are disposed two tubing strings T1 and T2, each of which 
is provided with a plurality of the gas lift valves 200 con 
nected at longitudinally spaced locations therein. The 
open lower end of the tubing string T is disposed below 
the packer P1 which closes the annulus between the tub 
ing string Ti and the well casing above the perforations 
322 of the well casing through which well fluids from a 
lower producing formation flow into the well casing. The 
lower open end of the tubing string T2 is disposed above 
the packer Pa and below the packer P2 which seals the 
annulus between the casing and the tubing strings above 
the perforations 324 of the well casing through which 
fluids from another higher producing formation flow into 
the well casing, it being apparent that the Well fluids from 
the lower formation flow to the surface through the tub 
ing string Ti and that the well fluids from the upper 
formation flow to the surface through the tubing string 
?2. 
The chambers 255 of each of the valves of the two 

tubing strings may be charged with a gas to the same 
pressure so that the intake ports of each valve will be 
opened when the pressure of the lifting gas injected into 
the annulus at the surface of the well attains the pre 
determined value. The pressure differential responsive 
valves of each valve will, however, open only when a 
column of liquid of a predetermined height is present in 
the tubing string above the discharge ports 202 thereof. 
No one valve will tend to remain open once it has been 
opened to keep the pressure within the annulus at such 
low value that the valves of the other string cannot open, 
since each valve will close once the pressure in the an 
nullus falls below the predetermined value. Once the 
column of liquid above the valve which has been opened 
is moved toward the surface, the tubing pressure within 
such tubing drops to permit the pressure differential re 
sponsive valves of such gas lift valve to close and they 
will not again open until the predetermined hydrostatic 
conditions are again attained in the tubing above such 
valve. During the interval of time during which the 
column of well liquids in such tubing is again rising, the 
hydrostatic pressure condition within the other tubing 
above a particular gas lift valve thereof may reach the 
desired value to cause the pressure responsive valves of 
such gas lift valve thereof to open and permit flow of lift 
ing gas into such other tubing. It will thus be apparent 
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that several tubings of a single well may be provided with 
the gas lift valves embodying the invention and that the 
gas lift valves will function properly to permit lifting gas 
to flow into the tubing at proper locations therein to aid 
in moving well liquids to the surface. 

If desired, of course, one or more of the tubing strings 
in the wall may be provided with the gas lift valves 20 or 
200 and another of the other tubing strings may be pro 
vided with gas lift valves which are responsive only to 
the pressure within the annulus, such as the valves de 
scribed in the patents to Cummings, 2,642,889, and 2, 
854,043. In this case, the tubing string equipped with 
the valves which are responsive only to the annulus pres 
sure would be caused to operate by controlling the annulus 
pressure with an intermitter or time cycle controller 
mounted at the surface of the well, in the manner well 
known in the art, while the valves of the tubing strings 
provided with the valves 20 or 200 would operate in 
the manner described above. 
The gas lift valve 20 may, of course, similarly be used 

with one or more strings of tubing within a well in a simi 
lar manner as the valves 200. 
A modified form of the pressure differential responsive 

valve, which may be used in the valves 200 instead of 
the pressure differential responsive valves 297 illustrated 
in FIGURES 6 and 7, is illustrated in FIGURE 8 wherein 
the port section 207 of the sleeve 205 has an upper por 
tion of enlarged internal diameter to provide an annular 
upwardly facing shoulder 330 which limits downward 
movement of a circular spider 332 within the port section 
and above the check valve 265. The spider is provided 
with an annular internal recess 333 aligned with and 
communicating with the discharge ports 202 of the man 
drel 201. Upper and lower suitable sealing means, such 
as O-rings 335 and 336, respectively, are disposed in Suit 
able external annular recesses of the mandrel 201 above 
and below the ports 202 thereof and above and below the 
internal annular flow recess 333 of the spider to seal 
therebetween. The spider is also provided with a plural 
ity of longitudinal passages 338 which open downwardly 
of the spider into the passage 203 between the mandrel 
and the sleeve 205 and which open upwardly into an 
annular passage 341 between the upper end of the Spider 
and the lower end of a closure ring 343 whose lower re 
duced end telescopes into the upper end of the port Sec 
tion 207 and is rigidly secured thereto by any suitable 
means, such as the weld 344. The closure ring is held 
against upward movement on the mandrel 201 by the 
nut 345 threaded on the upper threaded portion of the 
mandrel 201. A suitable O-ring or other sealing means 
346 seals between the closure ring and the mandrel. The 
closure ring has a longitudinal bore 347 into whose upper 
portion pressure from the annulus may enter through the 
lateral port 348. The valve stem 349 of the pressure dif 
ferential valve 350 extends slidably through the reduced 
diameter lower portion 351 of the longitudinal bore into 
the annular passage 341. A ball 353 is rigidly secured, 
as by silver solder, to the collar 356, threaded on the 
lower end of the valve stem 349. The ball 353 is adapted 
to engage the seat 358 to close the longitudinal passage 
359 of the spider which communicates with the internal 
flow recess 333 thereof. The stem 349 is biased upwardly 
by means of a spring 360 disposed about the stem whose 
upper end engages the lower surface of the external an 
nular flange 362 on the upper end of the valve stem and 
whose lower end engages the upwardly facing annular 
shoulder 363 of the closure ring. 

It will be apparent that the valve 350 is responsive to 
the pressure differential between the tubing and the 
annulus since, when the valve is in its lower position, the 
pressure within the tubing acts on the circular area of 
the ball defined by its line of contact with the seat 358 
to tend to move it upwardly to its open position while the 
pressure from the annulus which enters into the upper end 
of the bore 347 through the lateral port 348 of the closure 
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ring acts on an area of the piston defined by the reduced 
diameter portion 35 of the longitudinal bore to tend to 
move the valve to its lower closed position. Since these 
two areas are substantially equal and since the Spring 360 
tends to move the valve upwardly, the valve will move 
to its open position against the force exerted by the fluid 
pressure within the annulus whenever the hydrostatic pres 
sure caused by a column of liquid within the tubing above 
the pressure differential responsive valve exceeds a pre 
determined value which is, however, smaller than the 
pressure within the annulus. It will therefore be apparent 
that the pressure differential valve illustrated in FIG 
URE 8 functions in the same manner as the pressure dif 
ferential responsive valve illustrated in FIGURES 2 and 6. 

It will now be seen that gas lift valves of several dif 
ferent forms have been illustrated and described, each of 
which has valve means responsive to the annulus press 
sure which opens when the pressure within the annulus 
exceeds a predetermined value and a pressure differen 
tial responsive valve means which is responsive to the 
pressure differential between the tubing and the annulus 
and which opens only when the proper pressure differen 
tial conditions exist between the tubing and the annulus 
So that the lifting gas from the annulus may flow into the 
tubing through such gas lift valve only when the pressure 
Within the annulus exceeds a predetermined value and the 
pressure differential between the interior of the tubing 
and the annulus decreases below a predetermined value, 
this occurring only when a column of liquid in the tubing 
attains a predetermined height in the tubing above such 
gas lift valve. 

It will further be seen that the gas lift valves embody 
ing the invention will close when the pressure within the 
annulus drops below the predetermined value regardless 
of the conditions within the tubing above such valves. 

It will further be seen that each of the gas lift valves 
illustrated and described has means providing a passage, 
an intake port means which permits flow of lifting gas 
from the exterior of the valve into the passage, and a dis 
charge port means communicating the passage with the in 
terior of the tubing to permit flow of gas into the tubing 
when the valve is mounted in such tubing either in an 
offset pocket, as shown in FIGURE 1, on the exterior 
of the tubing as shown in FIGURE 5, or connected in 
the tubing to form a section thereof as shown in FG 
URES 6 through 11. 

It will further be seen that the gas lift valve has an 
annulus pressure responsive valve means for closing the 
intake port means which opens only when the pressure 
in the annulus exceeds a predetermined value and which 
closes when the pressure in the annulus drops below the 
predetermined value, and also has a pressure differential 
responsive valve means closing the discharge port means 
which opens only when the pressure differential between 
the tubing and the annulus decreases to a predetermined 
value whereby the lifting gas will be admitted by the gas 
lift valve into the tubing from the annulus only when the 
pressure within the annulus exceeds a predetermined value 
and a column of liquid of predetermined height is present 
in the tubing above the discharge port of the gas lift 
valve. 

It will also be seen that the intake port means of each 
of the gas lift valves, such as the intake ports 49, the 
valves 20 and the intake ports 225 of the valve 200, 
permit flow of fluid from a first region exterior of each 
valve into the passage 19 of the valve 20 and the pas 
sage 283 of the valve 200 and that the discharge port 
means, such as the passages 112 of the valve seat 11 and 
the ports 54 of the cap 53 of the valve 20 and the ports 
202 of the valve 200, permit flow of fluid from Such 
passage to a second region spaced from the first region, it 
being apparent that in each case the second region Com 
municates with or is within the tubing string. 

It will further be seen that while specific valve means 
for the intake ports employing resilient closure members 
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have been illustrated and described for controlling fluid 
flow through the intake ports, other types of valve means 
may be employed for this purpose; for example, the 
beliows type valve means illustrated and described in the 
patent to King 2,339,487. 
The foregoing description of the invention is explana 

tory only, and changes in the details of the construction 
illustrated may be made by those skilled in the art, within 
the scope of the appended claims without departing from 
the spirit of the invention. 
What is claimed and desired to be secured by Letters 

Patent is: 
1. A valve including: means providing an internal flow 

passage and having an intake port means for permitting 
flow of fluid into said passage from a first region exteriorly 
of said valve and a discharge port means Spaced from Said 
intake port means for permitting flow of fluid from said 
passage to a second region spaced from Said first region; 
means for preventing flow of fluid from said passage to 
said first region through said intake port means; first valve 
means in said passage and biased toward closed position 
preventing flow of fluids through said passage, said first 
valve means being responsive to the pressure at Said first 
region for opening and closing said intake port means; 
second valve means in said passage downstream of Said 
first valve means and said flow preventing means and 
biased toward open position; said second valve means in 
cluding fluid pressure responsive means comprising a 
closed chamber operatively associated with said Second 
valve means arranged to receive fluid pressure to urge said 
second valve means toward closing position; and conduit 
means through said means providing said flow passage 
directly connecting said first region with said chamber of 
said fluid pressure responsive means for urging Said Sec 
ond valve means toward closing position in response to the 
pressure differential between the pressures of said first 
and second regions for opening and closing said discharge 
port means, said second valve means being urged toward 
open position by fluid pressure from said second region. 

2. A valve including: means providing an internal flow 
passage and having an intake port means for permitting 
flow of fluid into said passage from a first region exteriorly 
of said valve and a discharge port means spaced from said 
intake port means for permitting flow of fluid from said 
passage to a second region spaced from Said first region; 
check valve means in said passage for preventing flow of 
fluid through said passage from said discharge port means 
to said intake port means; first valve means in said pas 
Sage upstream of said check valve means and biased 
toward position closing said intake port means and re 
Sponsive to the pressure at said first region in excess of 
said biasing force acting on said valve means for open 
ing said first valve means, said first valve means being 
biased to a position closing said intake port means when 
Said pressure at first said region is of a value less than the 
biasing force acting on said first valve means; and second 
valve means responsive to pressure differential between 
said first and said second regions for opening and closing 
said discharge port means; said second valve means in 
cluding fluid pressure responsive means comprising a 
closed chamber operatively associated with said second 
valve means arranged to receive fluid pressure to urge 
said second valve means toward closing position; and con 
duit means through said valve directly connecting said first 
region with said chamber of said fluid pressure respon 
sive means whereby said second valve means is urged to 
port closing position by fluid pressure from said first 
region and is urged to open position by fluid pressure 
from Said second region and said biasing force. 

3. A valve connectable to a tubing of a Well for con 
trolling flow of fluid from the annulus of the well into 
the tubing, said valve including: a valve body having 
means providing an internal flow passage and having an 
intake port means for permitting flow of fluid from the 
annulus of a Well into Said passage and a discharge 
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port means for permitting flow of fluid from said passage 
into said tubing; first valve means in said passage biased 
toward closed position and responsive to the pressure in 
said annulus for closing said intake port means when the 
pressure within the annulus drops below a predetermined 
value and for opening said intake port means when the 
pressure within the annulus rises above said predeter 
mined value; and second valve means in said passage 
downstream of said first valve means for opening and 
closing said discharge port means; said second valve 
means including fluid pressure responsive means com 
prising a closed chamber operatively associated with said 
Second valve means arranged to receive fluid pressure to 
urge said second valve means toward closing position; 
and conduit means through said valve body directly con 
necting annulus pressure with said chamber of said fluid 
pressure responsive means, whereby said second valve 
means is urged to port closing position by fluid pressure 
from the annulus in said chamber and is urged to open 
position by fluid pressure from the tubing. 

4. A valve connectable to a tubing of a Well for con 
trolling flow of fluid from the annulus of the well into 
the tubing, said valve including: a body having means 
providing an internal flow passage and having an intake 
port means for permitting flow of fluid from the annulus 
of a well into said passage and a discharge port means for 
permitting flow of fluid from said passage into said 
tubing; first valve means in said passage biased toward 
closed position and responsive to the pressure in said 
annulus for closing said intake port means when the 
pressure within the annulus drops below a predetermined 
value and for opening said intake port means when the 
pressure within the annulus rises above said predeter 
mined value; and second valve means in said passage 
downstream of said first valve means and having areas 
exposed to fluid pressures in said annulus and within said 
tubing, said second valve means being responsive to a 
predetermined pressure differential condition between 
the tubing and the annulus for opening and closing said 
discharge port means; means biasing said second valve 
means toward an open position; said second valve means 
including fluid pressure responsive means comprising 
a closed chamber in said body arranged to receive fluid 
pressure to urge said second valve means toward closing 
position; and conduit means through said body directly 
connecting said annulus pressure with said chamber for 
urging said second valve means toward closing position, 
said second valve means being urged toward open posi 
tion by the fluid pressure within the tubing and said 
biasing means; said pressure differential responsive sec 
ond valve means moving to open position to permit flow 
of fluid from said passage into said tubing when the pres 
sure within the tubing at said discharge port means rises 
to a predetermined value which with the biasing means 
acting on said second valve means is greater than the 
valve of the pressure in said chamber from within said 
annulus acting on said second valve means urging the 
same toward closed position. 

5. A valve connectable to a tubing of a well for con 
trolling flow of fluid from the annulus of the well into the 
tubing, said valve including: a body having means pro 
viding an internal flow passage and having an intake 
port means for permitting flow of fluid from the annulus 
of a well into said passage and a discharge port means 
for permitting flow of fluid from said passage into said 
tubing, said valve having check valve means for pre 
venting flow of fluid from said tubing through said port 
means to the annulus; first control valve means in Said 
passage adjacent said intake port means; means biasing 
said first valve means toward closed position, said first 
valve means being responsive to the pressure in said annu 
lus for closing said intake port means when the pressure 
within the annulus drops below a predetermined value de 
termined by said biasing means acting on said first valve 
means and for opening said intake port means when the 
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pressure within the annulus rises above said predetermined 
value; and second valve means in said passage down 
stream of said first valve means coacting with said dis 
charge port means for opening and closing said discharge 
port means; said second valve means being biased toward 
open position and including fluid pressure responsive 
means comprising a closed chamber in said body arranged 
to receive fluid pressure from said annulus to urge said 
second valve means toward closing position; and conduit 
means through said body directly connecting said annulus 
with said chamber whereby said second valve means is 
urged to closed position by the annulus fluid pressure 
present in said chamber and is urged toward open position 
by the tubing fluid pressure acting with said means biasing 
said second valve means toward open position. 

6. A valve connectable to a tubing of a Well for con 
trolling flow of fluid from the annulus of the well into 
the tubing, said valve including: a body adapted to be 
mounted in flow communication with said well tubing 
and having means providing an internal flow passage 
and having an intake port means for permitting flow 
of fluid from the annulus of a well exteriorly of said 
body into said passage and a discharge port means for per 
mitting flow of fluid from said passage into said tubing, 
said body having check valve means for preventing flow of 
fluid from said tubing through said port means to the an 
nulus; first valve means in said passage of said valve; 
means biasing said first valve means toward closed posi 
tion and said first valve means being responsive to the 
pressure in said annulus for movement to a position closing 
said intake port means when the pressure within the an 
nullus drops below a predetermined value and for move 
ment to a position opening said intake port means when 
the pressure within the annulus rises above said predeter 
mined value; and second valve means in said flow passage 
coacting with said discharge port means for opening and 
closing said discharge means; means biasing said Second 
valve means toward open position; said second valve 
means including fluid pressure operated means compris 
ing a closed chamber in said body operatively associated 
with said second valve means arranged to receive fluid 
pressure from said annulus to urge said second valve 
means toward closing position, and conduit means 
through said body wall directly connecting said annulus 
fluid pressure with said chamber of said fluid pressure 
responsive means for urging said second valve means 
toward closed position; said second valve means moving 
to open position to permit flow of fluid from said passage 
into said tubing when the pressure within the tubing 
at said discharge port means rises to a predetermined 
value which with the biasing means acting on said second 
valve means is greater than the value of the pressure 
within said annulus acting on said second valve means 
urging the same toward closed position. 

7. A gas lift valve including: a body having a pas 
sage, said body having intake port means providing 
communication between said passage and a first region 
exterior of said body; said body having discharge port 
means spaced from said intake port means and providing 
communication between said passage and a second re 
gion exterior of said body; first valve means in said 
passage of said valve body biased toward a position for 
closing said intake port means and movable to open said 
intake port means when the pressure at said first region 
exterior of said body exceeds a predetermined value; 
pressure differential responsive second valve means in 
said passage of said body downstream of said intake port 
valve means for closing said discharge port means and 
biased toward open position and having surfaces exposed 
to the pressure of fluid present in said first region and 
the pressure of fluids in said second region, said pressure 
differential valve means being responsive to pressures of 
said first and second regions; said second valve means 
including fluid pressure responsive means comprising a 
closed chamber in said body arranged to receive fluid 
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pressure from said first region to urge said second valve 
means toward closing position; and conduit means 
through said body wall directly connecting said first re 
gion with said chamber whereby said second valve 
means is biased toward closing position by said pres 
sure from said first region; the pressure of said second 
region tending to move said pressure differential respon 
sive second valve means to open position and the press 
sure from said first region tending to move said pressure 
differential responsive second valve means toward closed 
position; and biasing means carried by said body and 
coacting with said fluid pressure from said second region 
for biasing said pressure differential responsive second 
valve means toward open position when the force of the 
fluid pressure from said second region and the force of 
said biasing means exceed the force of the fluid pressure 
from the first region acting on said second valve means 
urging the same toward closed position. 

8. A gas lift valve for use in a landing nipple having 
aperture means communicating the exterior thereof with 
the interior thereof, said valve including: a tubular body 
having intake port means providing communication be 
tween the exterior and the interior of said body; closure 
means mounted in said body adjacent said intake port 
means yieldably biased toward a position closing said 
intake port means for controlling the flow of fluid 
through said intake port means into said body, said 
closure means being responsive to a predetermined fluid 
pressure acting thereon through said intake port means 
to be moved to an open position permitting flow of fluids 
inwardly through said intake port means into said body; 
said body having sealing means on the exterior thereof 
spaced above and below said intake port means, said 
sealing means being sealingly engageable with the walls 
of a landing nipple above and below the aperture means 
of the landing nipple when said body is disposed in the 
landing nipple whereby the flow of fluids through the 
aperture means is directed into the interior of said body 
through said intake port means; said body having dis 
charge port means communicating the exterior of said 
body with the interior thereof at a position spaced longi 
tudinally from said intake port means, said intake port 
means and said discharge port means being disposed on 
opposite sides of one of said sealing means whereby 
fluids entering through said intake port means into said 
body may flow through said body and outwardly through 
said discharge port means into the interior of the landing 
nipple; and pressure differential valve means mounted 
in said body passage downstream of said closure means 
and coacting with said passage and the discharge port 
means thereof for controlling flow of fluids from said 
body through said discharge port means; fluid pressure 
responsive means including a closed chamber in said 
body operatively associated with said pressure differen 
tial valve means arranged to receive fluid pressure to 
urge said pressure differential valve means to closing 
position; said body having third port means communi 
cating said chamber of said pressure fluid responsive 
means directly with the exterior of said body between 
said sealing means for exposing said fluid pressure re 
sponsive means to said pressure from exterior of said 
body and between said sealing means, said pressure from 
exterior of said body between said sealing means tend 
ing to move said pressure differential responsive valve 
means toward closed position closing said discharge port 
means, said pressure from the exterior of said body at 
said discharge port means tending to move said pres 
sure differential responsive valve means to open position, 
said pressure differential valve means moving to open 
position when the pressure at said discharge port means 
increases to a predetermined value which with the biasing 
means acting on said valve means is greater than the 
pressure exteriorly of said body between said sealing 
means acting through said third conduit on said valve 
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means urging said valve means toward closed position. 

9. A gas lift valve for use in a landing nipple having 
aperture means communicating the exterior thereof with 
the interior thereof, said valve including: a tubular body 
having intake port means providing communication be 
tween the exterior and the interior of said body; closure 
means mounted in said body adjacent said intake port 
means yieldably biased toward a position closing said 
intake port means for controlling the flow of fluid 
through said intake port means into said body, said clos 
ure means being responsive to a predetermined fluid 
pressure acting thereon through said intake port means 
to be moved to an open position permitting flow of 
fluids inwardly through said intake port means into said 
body; said body having sealing means on the exterior 
thereof spaced above and below said intake port means, 
said sealing means being sealingly engageable with the 
walls of a landing nipple above and below the aperture 
means of the landing nipple when said body is disposed 
in the landing nipple whereby the flow of fluids through 
the aperture means is directed into the interior of said 
body through said intake port means; said body having 
discharge port means communicating the exterior of said 
body with the interior thereof at a position spaced longi 
tudinally from said intake port means, said intake port 
means and said discharge port means being disposed on 
opposite sides of one of said sealing means whereby 
fluids entering through said intake port means into said 
body may flow through said body into the interior of the 
landing nipple; and pressure differential valve means 
mounted in said body downstream of said closure means 
for controlling flow of fluids from said body through 
said discharge port means; fluid pressure responsive 
means including a closed chamber in said body opera 
tively associated with said pressure differential valve 
means arranged to receive fluid pressure to urge said 
pressure differential valve means toward closing position; 
said body having third port means communicating said 
chamber of said fluid pressure responsive means directly 
with the exterior of said body between said sealing means 
for exposing said fluid pressure responsive means to said 
pressure from exterior of said body and between said 
sealing means, said pressure from exterior of said body 
between said sealing means conducted to said chamber 
of said fluid pressure responsive means tending to move 
said pressure differential responsive valve means toward 
closed position closing said discharge port means, said 
pressure from the exterior of said body at said discharge 
port means tending to move said pressure differential re 
sponsive valve means to open position; and, biasing means 
carried by said body biasing said pressure differential re 
sponsive valve means toward open position, said pressure 
differential valve means moving to open position when 
the pressure at said discharge port means increases to a 
predetermined value which with the biasing means acting 
on said valve means is greater than the pressure exterior 
of said valve body between said sealing means acting 
through said third port means on said valve means urging 
the same toward closed position. 

10. A gas lift valve comprising: a tubular body 
adapted for connection in a tubing; a sleeve disposed about 
said body to provide a passageway between said body 
and said sleeve, said sleeve having an intake port, said 
body having a discharge port, said ports being spaced 
from one another; a closure member in said passage for 
closing said intake port to control the passage of fluid 
through said intake port into said passage; means for 
biasing said closure member toward closed position clos 
ing said intake port, said closure member moving to open 
position when the pressure exteriorly of said sleeve rises 
above a predetermined value to permit flow of fluid from 
exterior of said sleeve into said passage; and valve means 
carried by said sleeve in said passage downstream of said 
closure member and movable with respect to said dis 
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charge port to control flow of fluid from Said passage to 
the interior of said body through said discharge port; 
fluid pressure responsive means including a closed cham 
ber in said body operatively associated with said valve 
means and arranged to receive fluid pressure from ex 
teriorly of said sleeve to urge said valve means toward 
closing position; conduit means through the wall of Said 
body directly connecting said fluid pressure exteriorly 
of said sleeve with said chamber of said fluid preSSure 
responsive means; the pressure from exteriorly of said 
sleeve in said chamber of said fluid pressure responsive 
means tending to move said valve means to position clos 
ing said discharge port, the pressure within said body 
tending to move said valve means to open position per 
mitting flow of fluids from said passage into said body, 
said valve means being operated by the differential in 
pressures interiorly of the body and exteriorly of the 
sleeve, and the closure member being operated by the pres 
sure exteriorly of the sleeve acting in opposition to the 
means biasing the closure member to closed position, 
whereby each of said closure member and said valve 
means is operated independently of the other. 

1. A gas lift valve comprising: a tubular body adapted 
for connection in a tubing; a sleeve disposed about said 
body to provide a passageway between said body and 
said sleeve, said sleeve having an intake port, said body 
having a discharge port, said ports being spaced from 
one another; a closure member in said passage for clos 
ing said intake port to control the passage of fluid through 
said intake port into said passage; means for biasing said 
closure member toward closed position closing said in 
take port, said closure member moving to open position 
when the pressure exteriorly of said sleeve rises above a 
predetermined value determined by said biasing means 
to permit flow of fluid from exterior of said sleeve into 
said passage; and valve lineans carried by Said sleeve in 
said passage and having means exposed to the pressure 
of fluid exteriorly of said sleeve and to the pressure of 
fluid in said discharge port, said valve means being mov 
able to control flow of fluid from said passage to the 
interior of said body through said discharge port; said 
means exposed to pressure of fluid exteriorly of said sleeve 
comprising fluid pressure responsive means including a 
closed chamber in said body operatively associated with 
said valve means and arranged to receive fluid pressure 
from exteriorly of said sleeve to urge said valve means to 
ward closing position; conduit means through said sleeve 
directly connecting said fluid pressure exteriorly of said 
sleeve with said chamber of said fluid pressure respon 
sive means; the pressure from the exterior of said sleeve 
in said chamber of said fluid pressure responsive means 
tending to move said valve means to position closing said 
discharge port, the pressure within said body tending to 
move said valve means to open position permitting flow 
of fluid from said passage into said body; and means for 
biasing said valve means toward open position, said valve 
means being movable in response to the pressure differen 
tials acting on the means thereon eXposed to the pressures 
from exteriorly of said sleeve and from within the body, 
and said closure member being operated by said pressure 
exteriorly of said body in excess of Said predetermined 
value predetermined by said biasing means, whereby each 
of said closure member and valve means are independ 
ently operable. 

12. A flow control device for controlling the flow of 
fluid from the annulus between two telescoped spaced flow 
conductors into the inner flow conductor and including: 
a body having means providing a passage communicating 
between the interior of the inner flow conductor and the 
annulus between the conductors; first valve means biased 
with a predetermined force toward a position closing off 
flow from the exterior of the body through the passage 
therein and responsive to a first predetermined fluid pres 
sure valve within said annulus in excess of Such prede 
termined force for permitting flow of fluids from the an 
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nulus into said passage when the pressure within the an 
nullus exceeds said first predetermined value and for 
preventing flow of fluids from the annulus into said pas 
sage when the pressure within the annulus drops below 
said first predetermined value; second valve means within 
the body operable for closing off flow outwardly from 
said passage of said body to the inner flow conductor; 
fluid pressure responsive means including a closed cham 
ber operatively associated with said second valve means 
arranged to receive fluid pressure to urge said second 
valve means toward closing position; conduit means con 
ducting fluid pressure directly from the annulus to said 
chamber of said fluid pressure responsive means to act 
on said second valve means to urge the same toward 
closed position; and biasing means biasing said second 
valve means toward open position, said second valve 
means being responsive to the pressure within the inner 
flow conductor and to the pressure within the chamber 
of Said fluid pressure responsive means conducted directly 
to said chamber from within the annulus for permitting 
flow of fluids from said passage into the inner flow con 
ductor when the pressure within the inner flow conduc 
tor adjacent said passage increases to a second predeter 
mined value which with the biasing means acting on said 
second valve means is greater than said first predeter 
mined value whereby fluid will flow from the annulus into 
the inner flow conductor when the pressure within the 
annulus exceeds said first predetermined value and the 
pressure within the inner flow conductor adjacent said 
passage exceeds said second predetermined value, and 
whereby the flow of fluid from the annulus into the in 
ner tubing will be arrested when the pressure within the 
annulus drops below said first predetermined value or 
when the pressure within the inner flow conductor drops 
below said second predetermined value. 

13. A gas lift valve including: a body having means 
providing a passage and having intake port means pro 
viding communication between said passage and a first 
region exterior of said body and a discharge port means 
spaced from said intake port means providing communi 
cation between said passage and a second region exterior 
of said body; first valve means in said body biased with 
a predetermined force to a position closing said intake 
port means, said first valve means being movable to 
open said intake port means when the pressure at said first 
region exterior of said body exceeds a first predetermined 
value sufficient to overcome said biasing force; pressure 
differential responsive second valve means in said body 
operable for closing said discharge port means and hav 
ing fluid pressure responsive means including a closed 
chamber in said body arranged to receive fluid pressure to 
urge said second valve means toward closing position; 
conduit means in Said body connecting said first region 
directly with said chamber of said fluid pressure respon 
sive means for conducting fluid pressure from said first 
region to said chamber to act on said second valve means 
for urging said second valve means toward closing posi 
tion; Said pressure differential second valve means having 
Substantially equal areas exposed to the pressures of said 
first and Second regions, the pressure from said second re 
gion acting on one of said areas tending to move said 
pressure differential responsive second valve means to 
open position and the pressure from said first region act 
ing on the other of said areas within said chamber of 
Said fluid pressure responsive means tending to move said 
pressure differential responsive second valve means to 
ward closed position; and biasing means for biasing said 
pressure differential second valve means toward open posi 
tion, whereby said pressure differential second valve means 
moves to open position when the pressure at said second 
region acting on Said second valve means increases to a 
Second predetermined value which with said biasing means 
is greater than said first predetermined fluid pressure value 
acting on said second valve means. 

14. A gas lift valve of the character set forth in claim 
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13 wherein: said first valve means is movable to open 
position only when said pressure at said first region ex 
ceeds said first predetermined value, and said pressure re 
sponsive second valve means is movable to open position 
only when said fluid pressure at said second region ex 
ceeds said second predetermined value, both said first 
valve means and said pressure differential responsive sec 
ond valve means being operable independently of each 
other whereby flow from said first region to said second 
region may take place only upon the occurrence of the 
predetermined pressure conditions causing movement of 
both said members to open position. 

15. In a gas lift valve having a passage therethrough 
and control valve means therein biased toward closed 
position with a predetermined force and operable by fluid 
pressure of a predetermined value sufficient to overcome 
said predetermined biasing force to move said control 
valve means to open position to permit flow through the 
passage, whereby said control valve is responsive to said 
predetermined fluid pressure for controlling flow from 
the inlet of said passage to the outlet thereof, the in 
provement which includes in combination with said valve: 
a second valve mounted in the passage of the gas lift valve 
downstream of the control valve means; fluid pressure 
responsive means including a closed chamber in said 
valve operatively associated with said second valve ar 
ranged to receive fluid pressure to urge said second valve 
toward closing position; fluid conduit means connecting 
the chamber of fluid pressure responsive means directly 
with the exterior of the gas lift valve for conducting fluid 
pressure from upstream of said control valve exteriorly 
of said gas lift valve to said second valve; said second 
valve having an area thereon exposed to fluid pressure 
from the outlet of said passage of said gas lift valve; and 
means biasing said second valve toward open position; 
said second valve being movable to closed position when 
the pressure from upstream of the control valve acting 
through said conduit on said second valve exceeds the 
pressure from the outlet of the gas lift valve acting on 
said second valve plus the force of the biasing means 
biasing said second valve toward open position, and being 
movable to open position when the pressure of the 
fluid from the outlet of the passage plus the force 
of the biasing means acting on said second valve ex 
ceeds the fluid pressure from upstream of said con 
trol valve acting through said conduit on said valve 
means, whereby said second valve is operable by the dif 
ferential in the fluid pressures acting on the pressure re 
sponsive means and the fluid pressure from the outlet 
of the passage to open and close the outlet of said gas lift 
valve in response to such pressure differential independ 
ently of the operation of the control valve. 

16. A gas lift valve adapted for use in controlling flow 
of lifting fluid into a well flow conductor and including: 
a valve body having a passage therethrough communicat 
ing with the flow passage of the tubing; an inlet port in 
said body communicating the exterior thereof with the 
passage therethrough; first valve means on said body con 
trolling admission of lifting fluid from exteriorly of said 
valve body through said inlet port to said passage and nor 
mally biased toward closed position and openable in re 
sponse to a predetermined pressure from upstream of said 
inlet port acting thereon in excess of said biasing force; 
an outlet port from said passage of said body to the flow 
passage of the well flow conductor; second valve means 
on said valve body downstream of said first valve means 
for controlling flow from the passage of the valve body 
through said outlet port to the flow passage of the conduc 
tor; means biasing said second valve means toward open 
position; fluid pressure responsive means including a closed 
chamber in said valve body operatively associated with 
said second valve means arranged to receive fluid pres 
sure to urge said second valve means toward closing 
position; conduit means through the wall of the body di 
rectly connecting said chamber of said fluid pressure re 
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sponsive means with fluid pressure exteriorly of said valve 
body upstream of said inlet port for conducting such 
fluid pressure from exteriorly of the body to said cham 
ber; said pressure responsive means; said chamber and 
said conduit providing means subjecting said second valve 
means to pressure conducted into said chamber of said 
fluid pressure responsive means by said conduit means 
from upstream of the inlet port of said valve body; and 
means subjecting the opposite area of said second valve 
means to pressure of fluids within the passage of the flow 
conductor downstream of said second valve means where 
by said second valve means is moved between open and 
closed positions in response to the differential in such 
pressures acting thereon; said second valve means closing 
of flow from said body passage through said outlet port 
to said conductor when the pressure from upstream of 
said inlet port of said valve body exceeds the biasing force 
acting on said second valve means plus the fluid pressure 
from downstream of said second valve means acting on 
said Second valve means, the fluid pressures acting on said 
Second valve means being operable to open and close said 
outlet port independently of the opening and closing of 
the first valve means. 

i7. in a gas lift valve of the character set forth in claim 
E6: a check valve in the passage of the body between 
Said first valve means and said second valve means pre 
venting back flow of fluid from said outlet port through 
said passage of said body to said first valve means. 

18. A gas lift valve including: a body having a flow 
passage therein with an inlet opening and an outlet open 
ing Spaced from each other; first valve means at said in 
let opening biased to closed position closing said inlet 
opening and responsive to the pressure of fluids from a 
first region upstream of said inlet opening in excess of 
said biasing means to open said inlet opening, said first 
valve means closing said inlet opening when said pres 
Sure at said first region upstream of said opening is of a 
value less than the biasing force acting on said first valve 
means; Second valve means in said passage for controlling 
flow from said passage outwardly through the outlet open 
ing of Said body and normally biased to an open posi 
tion; fluid pressure responsive means including a closed 
chamber in said body operatively associated with said 
Second valve means arranged to receive fluid pressure to 
urge said second valve means toward closing position; 
conduit means through the wall of said body directly con 
necting said chamber of said fluid pressure responsive 
means with said first region for conducting fluid pressure 
from Said first region to said chamber; said second valve 
means being exposed on one side to the pressure of fluids 
from a Second region downstream of said outlet open 
ing and on its opposite side to the pressure of fluids con 
ducted into said chamber of said fiuid pressure respon 
sive means from said first region upstream of said inlet 
opening of said body through said conduit passage, said 
Second valve means being moved to open position when 
the pressure downstream of said outlet opening plus the 
biasing force acting on said second valve member to 
move the same to open position exceeds the pressure from 
said first region upstream of said inlet opening within the 
chamber of said fluid pressure responsive means acting 
on the opposite side of said second valve member through 
Said conduit passage, and closing when said pressure 
downstream of said outlet opening decreases below a 
value at which said second valve means is moved to open 
position, whereby the valves are operated independently 
of each other and said second valve will not open until 
the pressure downstream of the outlet opening exceeds a 
predetermined value with respect to the pressure upstream 
of the inlet opening. 

19. A gas lift valve of the character set forth in claim 
18 and including: check means in the passage of the body 
downstream of said first valve means and upstream of 
Said Second valve means preventing back flow of fluids 
through the passage of said body to said valve means. 



3,223,109 
25 

20. A valve including: a body having means providing 
an internal flow passage having an intake port means for 
permitting flow of fluid into said passage from a first 
region exteriorly of said valve body and a discharge port 
means spaced from said intake port means for permitting 
flow of fluids from said passage to a second region spaced 
from said first region; first valve means in said flow pas 
sage coacting with said intake port means to close said 
intake port means; means biasing said first valve means 
to said port closing position, said first valve means being 
responsive to a predetermined pressure at said first re 
gion for opening and closing said intake port means; 
second valve means in said flow passage downstream of 
said first valve means and coacting with said discharge 
port means for closing off flow from said passage through 
said discharge port means; second biasing means biasing 
said second valve means toward open position; fluid pres 
sure responsive means including a closed chamber in said 
body operatively associated with said second valve means 
arranged to receive fluid pressure to urge said second 
valve means toward closing position; and conduit means 
through the wall of said body directly communicating 
said first region with said chamber of said fluid pressure 
responsive means for applying fluid pressure from said 
first region to act on said second valve means for urging 
said second valve means to closed position by such fluid 
pressure from said first region; said second valve means 
being exposed to fluid pressure from said second region 
through said discharge port means for urging said second 
valve means to open position in coaction with said means 
biasing said second valve toward open position, to open 
said second valve means when the forces of said fluid 
pressure from said second region and the force of said 
second biasing means exceed the force of the pressure 
from said first region acting on said second valve means. 

21. A gas lift valve including: a body having means 
providing a passageway therein having inlet port means 
providing communication between the exterior of said 
body and said passageway and having outlet port means 
spaced from said inlet port means and providing com 
munication between said passageway and a second re 
gion spaced from said first region; a flexible resilient 
closure member engaging said body across said inlet port 
means and deformable away from said inlet port means 
to permit and control flow of fluids inwardly through 
said inlet port means into said passageway in said body; 
pneumatic pressure means in said body acting on said 
flexible closure member with a predetermined pressure 
to yieldably maintain said member in port closing posi 
tion, whereby fluid pressure from the first region ex 
terior of the body acting through said inlet port means 
on said closure member may move said closure member 
to an open position when said pressure exceeds the pres 
sure of the pneumatic charge acting on said member bi 
asing the same toward port closing position; second valve 
means in said flow passage of said body downstream of 
said first valve means and coacting with said outlet port 
means to control flow from said passage outwardly 
through said outlet port means; biasing means biasing said 
second valve means toward open position; fluid pressure 
responsive means in said body including a closed cham 
ber operatively associated with said second valve means 
arranged to receive fluid pressure to urge said second 
valve means toward closing position; conduit means 
through the wall of said body directly connecting said 
chamber of said fluid pressure responsive means with 
said first region for conducting fluid pressure from said 
first region exteriorly of said body to said chamber of 
said fluid pressure responsive means for acting on said 
second valve means to move said Second valve means 
toward port closing position; the force of said biasing 
means and the fluid pressure from said second region 
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downstream of said discharge port means acting on said 
second valve means to move said second valve means 
toward open position, said second valve means being 
moved to open position by said biasing means and the 
fluid pressure downstream thereof from said second re 
gion when said downstream pressure from said second 
region in combination with the biasing means acting om 
said second valve means exceeds the closing force applied 
to said valve means by said fluid pressure in said chamber 
of said fluid pressure responsive means from said first re 
gion; and back flow check mean in said flow passage be 
tween said first valve means and said second valve means 
for preventing flow of fluids from said outlet port back 
through said passage to said first valve, whereby fluids 
may flow through said passageway only from said first 
region to said second region. 

22. A gas lift valve including: a body having means 
providing an internal flow passage and having intake port 
means for permitting flow of fluids from a first region ex 
teriorly of said body into said passage and having dis 
charge port means spaced from said intake port means 
for permitting flow of fluid from said passage to a second 
region spaced from said first region; first valve means 
in said flow passage biased toward closed position for 
controlling flow through said intake port means and re 
sponsive to the pressure of said first region at said intake 
port means for opening and closing said intake port 
means; second valve means in said flow passage down 
stream of said first valve means and coacting with said 
discharge port means for controlling flow of fluids through 
said discharge port means; second biasing means bias 
ing said second valve means toward open position; fluid 
pressure responsive means including a closed chamber 
in said body operatively associated with said second valve 
means arranged to receive fluid pressure to urge said 
second valve means toward closing position; conduit 
means through the wall of said body directly connecting 
said first region with said chamber of said fluid pressure 
responsive means for conducting fluid pressure from said 
first region to said chamber of said fluid pressure re 
sponsive means to act on said second valve means, said 
second valve means being exposed to such fluid pressure 
in said chamber from said first region exteriorly of said 
valve body for movement thereby to a position closing 
said discharge port means and being exposed to pressure 
from said second region through said discharge port 
means plus said biasing means for movement thereby to 
ward open position, and back flow check means in said 
passage between said valve means and said first valve 
means preventing back flow of fluids from said discharge 
port means to said first valve means at said intake port 
means; said first valve means being movable to open 
position by predetermined fluid pressure at said first re 
gion exceeding the force biasing said first valve means 
toward intake port closing position, said second valve 
means being movable to open position by fluid pressure 
from said second region acting thereon with said biasing 
means in a value exceeding the pressure of the fluids in 
said chamber from said first region to open said dis 
charge port, said second biasing means controlling the 
pressure differential at which said second valve means 
opens and closes. 
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