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ABSTRACT OF THE DISCLOSURE 
A subsurface intermitter for lifting oil or water from 

gas wells, or high gas/oil ratio wells, and embodying a 
gravity valve for maintaining the liquid level in the well 
within a range of several feet by controlling the flow of 
liquid into a tubing string in the well bore under the 
action of the gas pressure, and also embodying a longi 
tudinally disposed, laterally operative differential gas lift 
valve that opens when the liquid level in the tubing string 
reaches a predetermined level to admit the gas pressure 
to the tubing string for lifting the liquid therein to the 
surface of the well. 

The present invention relates to a downhole intermitter 
that utilizes the gas pressure in a well for intermittently 
lifting water, oil or other liquid in the well to the surface. 
The invention is more particularly directed to a gravity 
valve, to a gas lift valve, and to a combination of such 
gravity and gas lift valves, and more specifically to a com 
bination of Such valves that can be lowered through a 
tubing string on a wire line to a desired location there 
within, and also removed from the tubing string on a wire 
line. 

It has been proposed to keep gas wells dewatered by 
automatically diverting the water, or other well liquid, 
including oil, into a tubing string disposed in the well as 
it accumulates in the well bore, thereby maintaining a 
minimum liquid level in the well casing and the hydro 
static head of liquid acting against the gas producing for 
mation at a low level. A gravity valve has been used for 
controlling the passage of water, oil, or other liquid, into 
the tubing string under the pressure of the gas in the well 
casing, and a differential gas lift valve has been em 
ployed for lifting the well liquids through the tubing string 
to the top of the well bore. With such equipment, a low 
and substantially constant fluid level is maintained in the 
well bore, the gravity valve preventing the gas from en 
tering the tubing string, which is only allowed to enter 
the tubing string for the purpose of lifting the liquid in 
the tubing string after it has risen to a predetermined level. 

Prior equipment of the nature above indicated required 
at least partial incorporation of the equipment in the tub 
ing string, making it necessary to remove the entire tubing 
string from the well bore in the event any parts required 
replacement or repair. In addition, gravity valves hereto 
fore used were cumbersome and relatively complex, pro 
viding one of the reasons for the inability to retrieve the 
entire gravity valve through the tubing string. 
The gas lift valves previously used were mounted in the 

tubing string separate and apart from the gravity valve. If 
retrievable on a wire line, a separate trip was required, 
which is time consuming and costly. 
With applicant's invention, the gravity valve is relatively 

simple and can be made of small transverse dimensions, 
enabling it to be run in a tubing string and retrieved 
therefrom on a wire line. Despite its comparatively small 
lateral or transverse dimensions, it can still exert substan 
tial force, preventing the liquid in the well bore from 
passing into the tubing string until the liquid level rises 
to substantially a predetermined level, after which the 
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gravity valve opens to permit the gas pressure in the Well 
bore to force the liquid up through the gravity valve and 
into the tubing string. 
The gravity valve is connected to a differential gas lift 

valve having a straight-through passage, and which, in 
turn, is connected to a lock assembly, this entire con 
bination being capable of being run into and removed 
from a tubing string by means of a wire line, and being 
locked in place at a desired location in the tubing string, 
in which the lower portion of the gravity valve will always 
be immersed in the water, oil, or other liquid in the Well 
bore. When the liquid level in the well bore rises to a 
certain level, the gravity valve will open and the gas pres 
sure in the tubing-casing annulus will force the liquid up 
through the gravity valve and through a hollow mandrel 
of the differential gas lift valve, and through the lock as 
sembly into the tubing string thereabove. When the liquid 
level rises to substantially a predetermined extent within 
the tubing string, it triggers and opens the gas lift valve. 
so that the gas under pressure in the tubing-casing annulus 
can enter the gas lift valve and lift the liquid in the tubing 
string thereabove to the surface of the well bore. When 
the liquid in the tubing string has been unloaded suffi 
ciently, the gas pressure closes the differential gas lift 
valve. When the liquid level in the casing string surround 
ing the gravity valve drops to a certain level, the gravity 
valve is automatically closed, until the formation produces 
additional liquid and deposits it in the casing string. When 
this liquid level rises to a predetermined value, the gravity 
valve again reopens automatically to again permit the gas 
pressure to drive the liquid up through the gravity valve 
and the gas lift valve into the tubing string thereabove. 

Accordingly, it is an object of the present invention to 
provide a gravity valve, gas lift valve, and lock assembly 
combination that can be lowered in a tubing string as a 
unit on a wire line, and which can also be easily removed 
as a unit on a wire line. 
Another object of the invention is to provide a gravity 

valve that can maintain the liquid level in the well bore at 
a comparatively low level, and which will automatically 
divert the well liquids into the tubing string when they 
accumulate to a certain extent, the gravity valve being of 
a compact and comparatively simple construction, and 
yet capable of exerting a substantial valve closing force 
when the level of the fluid in the well bore drops to a pre 
determined value. 
A further object of the invention is to provide a gravity 

valve capable of developing and exerting a considerable 
force for the purpose of closing the valve in response to 
a hydrostatic water or other liquid differential of a com 
paratively few feet. 
Yet another object of the invention is to provide a gas 

lift valve having a hollow mandrel that allows the fluid 
passing upwardly through it to follow a straight-line path, 
and which also permits the gas lift valve to be made of 
relatively small transverse dimensions, so as to be mov 
able through a tubing string, the gas lift valve normally 
being maintained in a closed position by the gas pressure 
in the tubing-casing annulus, and being shiftable to an 
open position automatically as a result of the liquid level 
in the tubing string rising above the gas lift valve to a 
predetermined height. 

This invention possesses many other advantages, and 
has other objects which may be made more clearly ap 
parentf rom a consideration of a form in which it may 
be embodied. This form is shown in the drawings ac 
companying and forming part of the present specification. 
It will now be described in detail, for the purpose of illus 
trating the general principles of the invention; but it is to 
be understood that such detailed description is not to be 
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taken in a limiting sense, since the scope of the invention 
is best defined by the appended claims. 

Referring to the drawings: 
FIGURE 1 is a diagrammatic view, partially sectional 

and partially in elevation, of a well intermitter system 
for producing both gas and liquids from a well bore; 

FIGS. 2, 2a and 2b, together constitute a longitudinal 
section through the gas lift valve and gravity valve dis 
posed in a tubing string, both the gravity valve and the 
gas lift valve being in closed positions, FIGS. 2a and 2b 
being lower continuations of FIGS. 2 and 2a, respectively; 

FIGS. 3, 3a and 3b are views corresponding to FIGS. 2, 
2a and 2b, showing the gravity valve and the gas lift 
valve in open conditions, FIGS. 3a and 3b being lower 
continuations of FIGS. 3 and 3a, respectively; 

FIG. 4 is an enlarged cross-section taken along the line 
4-4 on FIG. 2b; 

FIG. 5 is an enlarged cross-section taken along the 
line 5-5 on FIG.2b; 

FIG. 6 is an enlarged cross-section taken along the line 
6-6 on FTG. 2b. 
The invention is typically applicable to a gas well which 

is producing some water. It is desired to hold the water 
level in the well bore to a low value, to reduce the back 
pressure against the gas producing formation F to offer 
minimum resistance to the flow of gas into the well bore. 
As disclosed digrammatically in FIG. 1, a well casing C 
is disposed in a well bore, which has perforations 10 
opposite the gas producing formation or Zone F. A tub 
ing string T extends into the well casing from the top of 
the well bore, through which it is desired to produce or 
lift the water, or other liquid, in the well casing to the 
Surface, the liquid and some gas passing through a master 
valve 1 at the top of the hole and then through a branch 
line 12 to a suitable tank or pit (not shown), the flow of 
fluid through the branch line being controlled by a suit 
able valve 13. The gas passes upwardly through the tub 
ing-casing annulus A to the top of the well bore and then 
through a gas line 14 for distribution to a desired loca 
tion. An equalizing line 15 extends between the tubing 
string T above the master valve 1 and the gas line 14, 
which is controlled by a valve 16 that will normally be 
closed, this equalizing line being used for equalizing the 
pressure within the tubing string and casing string when 
desired. 
The liquid in the casing string C is maintained at a low 

level, which preferably is below the elevation of the cas 
ing perforations 10, the liquid being produced through 
the tubing string T. The passage of liquid into the tubing 
string is controlled by a gravity valve B disposed within 
the lower end of the tubing string T, the liquid passing 
upwardly through a differential gas lift valve D and 
through a lock assembly E into the tubing string T above 
the latter. The lock assembly, differential gas lift valve, 
and gravity valve can be lowered as a unit from the top 
of the well bore through the tubing string to a desired 
location in the lower portion of the tubing string, as de 
termined by engagement of the body 17 of the lock as 
sembly with a companion shoulder 18 in a seating nipple 
19 forming part of the tubing string, the lock assembly 
including latches 20 that can expand outwardly into a 
companion circumferential locking groove 21 in the 
seating nipple, to prevent inadvertent upward movement 
of the lock assembly E, gas lift valve D, and gravity 
valve B within the tubing string, after the apparatus has 
'been landed therewithin. The lock assembly carries a 
suitable side seal 22 sealing against the inner wall 23 of 
the seating nipple to prevent any fluids, either gas or liq 
uid, from passing between the lock assembly and the 
seating nipple and into the tubing string. The lock assem 
bly has a suitable fishing head 24 at its upper portion for 
lowering the equipment, which includes the lock assem 
bly, differential gas lift valve and gravity valve, in the 
Well casing on a wire line (not shown) through the tubing 
String, and for releasing the lock assembly E from the 
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4 
seating nipple 19 through retraction of its latches 20 
and for elevating the combination of equipment through 
the tubing string to the top of the well bore. The lock 
assembly per se forms no part of the present invention 
and can be of any known type. As an example, it may be 
of the type illustrated in United States Patent No. 2,885,- 
007. 
The tubing string T below the seating nipple 19 has a 

section provided with perforations 25 to permit the gas 
under pressure in the well casing to enter the interior of 
the tubing string. The gravity valve has its lower portion 
disposed in the liquid in the well casing, and will always 
retain the level of the liquid in the well casing below the 
upper portion of the gravity valve, as described herein 
below. The gas under pressure in the casing string C can 
enter through the production tube section below the nip 
ple 19 and flow into the gas lift valve D, when permitted 
to do so, for the purpose of lifting a slug of liquid, that 
has been permitted to enter the tubing string T through 
the gravity valve B and gas lift valve D, to the top of the 
Well bore for discharge into the line 12 leading to the tank 
or a suitable pit (not shown). 
The gravity valve is illustrated specifically in FIGS. 

2a, 2b, 3a, 3b, 4, 5 and 6. It includes an outer housing 
30 formed of a number of sections, including an upper 
head 31 threadedly secured to a coupling 32, which is, 
in turn, threadedly attached to a tubular connection 33 
of the differential gas lift valve D, disclosed in FIGS. 2 
and 3. The upper head 31 is secured, as by a weld 34, 
to an upper reservoir section 35 of the housing, the lower 
end of which is secured, as by means of a weld 36, to an 
intermediate head 37 threadedly secured to a lower hous 
ing section 38 depending therefrom, this lower housing 
Section having its lower portion surrounding a lower head 
39 to which it is secured in any suitable manner, as by 
means of a weld 40. 
An inlet Screen 41 is threadedly secured to the lower 

end of the lower head 39 and has slots 42 therein through 
which the water or other liquid in the well casing can 
enter. Preferably, the lower end of the screen is closed by 
a plug 43, or the like. The liquid flows through the screen 
to its interior and then into the lower head 39, flowing 
through a longitudinal passage 44 therein into the inter 
mediate housing section 38. The liquid, when the gravity 
valve B is in its open condition, can also flow from the 
passage 44 through a choke or bean 45 suitably secured 
to the lower end of a cantilever tube 46 extending up 
Wardly through the intermediate housing section 38, 
through the intermediate head 37, and through the upper 
reservoir Section 35, the upper end of this tube being 
piloted within the upper head 31 to which it is secured, as 
by means of a weld 47. The tube is also secured to the 
intermediate head 37 by a weld 48. The tube is free to 
fleX laterally below the intermediate head 37, and when 
moved to the left, as seen in FIGS. 2b and 3b, it is in its 
open position, the orifice or choke passage 49 through the 
choke member 45 moving from a closed position against 
a tungsten carbide valve seat 50 (FIG. 2b) to a position 
in which the orifice 49 is to one side of the seat (FIG. 
3b). 
The tungsten carbide seat 50 is suitably secured to a 

Stem 51 slidable longitudinally in a passage 52 formed in 
the lower head 39. The lower end of a helical compression 
Spring 53 bears against a spring seat 54 threadedly 
mounted in the passage 52, the upper end of the spring 
53 engaging a square cross-sectional upper portion 55 of 
the stem to urge the carbide seat 50 against the lower 
end of the choke 45 and hold it slidably in engagement 
therewith. The cantilever tube 46 is preliminarily 
deflected, so as normally to occupy a position to one 
side of the seat 50, as determined by its engagement 
with a stop 56 provided on the upper portion of the 
lower head, and in which the orifice 49 through the choke 
is in open condition, as disclosed in FIG. 3b. When the 

75 cantilever tube is deflected in the opposite direction, or 
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to the right, as seen in FIGS. 2b and 3b, it engages an 
opposite stop portion 57 on the lower head 39, which 
will retain the choke in the position in which its orifice 
49 is closed by the seat, as shown in FIG. 2b. The lower 
end of the cantilever tube 46 is guided in its deflecting 
or swinging movement by the opposed sides 58 of an 
elongate opening 59 formed in the upper portion of the 
lower head, the opposed stops 56, 57 defining the ends of 
this opening. 
The cantilever tube inherently tends to occupy an open 

condition, as disclosed in FIG. 3b, having spring-like 
characteristics to shift itself back toward the stop 56. It is 
deflectable by a differential hydrostatic head of liquid 
present in an elongate diaphragm 60, which is in the 
form of an elastomer tube, disposed within the inter 
mediate portion 38 of the housing and extending sub 
stantially from the intermediate head 37 to the lower 
head 39. The lower end 61 of this tube 60, which may 
have a generally semicircular cross-section, as disclosed 
in FIG. 4, so that its curved portion 60a Snugly engages 
the wall of the intermediate housing section 38, is closed 
and is secured to the lower portion of the cantilever tube 
46 above its choke 45 by a suitable clamp 62. The 
upper end of the tube 60 is secured to a nipple 63 threaded 
into the intermediate head 37, this nipple communicating 
with a reservoir tube 64 piloted within a head passage 
65 and extending thereabove into the reservoir portion 
35 of the housing. Liquid, such as water, can be placed in 
the reservoir 35 and tube 60 through perforations or slots 
66 in the upper part of the reservoir, this liquid filling the 
tube 60, nipple 63, reservoir tube 64, and the housing 35 
up to the level of the perforations 66, and providing a 
hydrostatic head of liquid tending to expand or inflate 
the diaphragm or elastomer tube 60. One side 60b of the 
diaphragm bears against a metallic diaphragm strip. 67, 
which engages the cantilever tube 46. 

In a typical installation, the liquid level in the casing 
C will be at a lower level than the perforations or slots 
66, and Such level will vary as a result of the operation 
of the apparatus. Generally speaking, it will never rise 
to the level of the perforations 66. A hydrostatic head 
of fluid will be exerted by the liquid within the diaphragm 
or tube 60, tending to expand the latter and shift the 
cantilever tube 46 laterally to one side, in which the 
choke or valve head 45 is disposed in its closed position, 
as illustrated in FIG. 2b. As the liquid level in the casing 
C rises, such level also rises within the lower portion 
of the gravity valve, the liquid passing through the slots 
42 and lower head passage 44 into the intermediate 
housing section 38 and around the exterior of the 
elastomer tube 60, there being a differential between the 
hydrostatic head acting on the liquid within the elastomer 
tube 60 and the hydrostatic head acting on the exterior 
of the diaphragm tube 60. When the liquid level in the 
casing string C and around the exterior of the diaphragm 
tube 60 drops sufficiently, the differential pressure within 
the diaphragm tube is sufficient to deflect the cantilever 
tube 46 from its normal position, in which its orifice 49 
is open (FIG. 3b), to the closed position, as disclosed 
in FIG. 2b. As the liquid level in the casing C and around 
the diaphragm tube 60 increases, the differential pres 
sure within the diaphragm tube decreases, until the 
inherent spring force of the cantilever tube 46, tending 
to shift its choke or valve head 45 to the open position, 
overcomes the differential pressure within the diaphragm 
tube, the cantilever tube then springing back or returning 
to its normal or open position, as disclosed in FIG. 3b. 

By way of example, let it be assumed that the height of 
the water column acting within the diaphragm 60 from 
the perforations 66 to the lower end of the diaphragm 
tube is about 80 inches. This is equivalent to a unit pres 
sure at the lower end of the diaphragm tube 60 of a 
little less than 3.5 p.s. i. Assuming the diaphragm tube 
to have a length of about 40 inches, the average hydro 
static head within the mid-portion of the diaphragm 
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would be about 2 p.s. i. Assuming the metallic diaphragm 
strip to be 36 inches long and about 1% inches wide, 
the average outward force exerted against the strip would 
be about 100 lbs., and this total force is acting in a lateral 
direction against the cantilever tube 46, tending to 
deflect it toward its closed position, or to the position 
shown in FIG. 2b. As stated above, the hydrostatic head 
of the liquid externally of the diaphragm tube 60 is off 
setting this force. When the external liquid level drops 
sufficiently, there is sufficient differential force available 
within the tube 60 to shift the cantilever tube 46 to its 
closed position. The force acting against the cantilever 
tube, by virtue of the differential hydrostatic head within 
the diaphragm tube, is being exerted at an average point 
substantially below the lower end of the intermediate 
head 37, which, by way of example, would be about 
20, inches below the intermediate head, providing a 
substantial lever arm for the applied hydrostatic differen 
tial pressure force. 
With the arrangement illustrated, in which the elongate 

diaphragm or elastomer tube 60 is employed, a considera 
ble force can be created for deflecting the cantilever tube 
46 to a closed position with a few feet of Water or other 
liquid in the diaphragm tube furnishing the hydrostatic 
head differential. This longitudinal diaphragm allows the 
outside diameter of the entire gravity valve B to be made 
sufficiently small as to be retrievable in its entirety through 
the tubing string T. If a greater hydrostatic liquid differen 
tial were deemed necessary to actuate the gravity valve 
toward its closed position, then all that need be done is to 
provide an elastomeric tube 60 of a greater length, or pro 
vide a cantilever tube 46 of greater length, or both, which 
would not require any increase in the outside diameter of 
the gravity valve. 
When the gravity valve is opened, the gas under pres 

sure in the tubing-casing annulus A above the level of the 
liquid acts upon the liquid and forces it through the slots 
42 to the interior of the screen 41 and up through the 
passage 44 and the open orifice 49 into the cantilever tube 
passage 70, the fluid flowing from the upper end of this 
passage into the gas lift valve D. This gas lift valve in 
cludes an outer housing or valve body 71, consisting of 
the lower tubular connection 33 threadedly secured to the 
coupling 32, the upper end of which is threadedly attached 
to an intermediate housing section 72, the upper end of 
which is, in turn, threadedly secured to an upper housing 
connector or head 73 secured to a sub 74. This sub may 
be connected directly or through an intermediate nipple 
(not shown) to the body 17 of the lock assembly E. Ac 
cordingly, the lock assembly E is secured to the differential 
gas lift valve D, the latter being secured to the gravity 
valve B, the entire combination being movable as a unit 
through the tubing string T. 
The gas lift valve D has a valve seat 75 in its upper 

portion which may be clamped between an upwardly 
facing shoulder 76 of the upper housing head 73 and a 
downwardly facing shoulder 77 on the sub. A valve head 
ring 78 is clamped against a hollow mandrel 79, extending 
within substantially the entire length of the outer housing 
or valve body 71, by a retainer screw 79b having a head 
30 engaging the valve ring and forcing it against a man 
drei shoulder 81. The mandrel 79 is siidable within a pas 
Sage 82 in the upper housing connector 73, making a slip 
fit therewithin. Its lower portion 83 is slidable longitudi 
naily within a lower housing head 84 suitably clamped 
within the housing by its upper end engaging a down 
wardly facing housing shoulder 85, being held there 
against by the upper end of the lower housing connector 
33. A side seal ring 86 on the lower head 84 engages the 
inner wall of the intermediate housing section 72, and a 
side seal 87 is also mounted in the interior of the lower 
head 84, slidably engaging the periphery of the mandrel 
stem 83 extending within the lower head passage 88. 
The mandrel 79 and its valve head ring 78 are urged 

toward a downward position by a helical compression 
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spring 89, the upper end of which bears against the lower 
end of the upper connector or head 73, and the lower end 
of which bears against a spring seat 90 in the form of a nut 
adjustably threaded on the mandrel 79, a lock nut 91 also 
being threaded on the mandrel to bear against the adjust 
ing nut and secure it in its adjusted position. The seal 
diameter R of the valve head ring 78 against the valve seat 
75 is greater than the seal diameter S of the lower head 
seal 87 against the mandrel stem 83, providing a differen 
tial area over which the gas under pressure within the 
casing C above the liquid level in the casing can act, 
this gas under pressure passing to the interior of the hous 
ing 71 and around the mandrel 79 through housing ports 
92 located immediately above the lower head 84. 
When the mandrel 79 is in its upper position to engage 

the valve head ring 78 with its companion valve seat 75, 
gas under pressure cannot flow into the tubing string T 
above the gas lift valve D. When the mandrel 79 is shifted 
downwardly to disengage the valve head ring 78 from its 
seat 75, gas under pressure can then flow from the exterior 
of the housing 71 through one or a plurality of orifice 
discs 93 mounted in the upper connector 73 to an interior 
chamber 94 in the latter, the gas under pressure then pass 
ing around the valve head ring 78 and through the valve 
seat 75 to the passage 95 through the sub 74 thereabove, 
this gas under pressure lifting the liquid in the tubing 
string thereabove to the top of the well bore and discharg 
ing it through the line 12 to the tank or pit. 
The valve D is shifted to an open position when the 

hydrostatic head of liquid in the tubing string T above the 
mandrel 79 reaches a level exerting sufficient downward 
force on the mandrel, which, when coupled with the down 
ward force exerted by the spring 89, overcomes the total 
force exerted by the gas under pressure within the housing 
71 and acting in an upward direction over the mandrel 
across the differential area provided by the difference in 
diameters between the seal diameter R of the valve head 
ring 78 against the valve seat 75 and the seal diameter of 
the lower seal 87 against the periphery of the mandrel. 
Thus, a rise in the liquid level within the tubing string T 
to a predetermined value automatically effects opening of 
the gas lift valve D, allowing the gas under pressure flow 
ing through the orifice disc 93 to lift the liquid through 
the tubing T to the top of the well bore. When the pres 
sure above the mandrel 79 decreases sufficiently, the gas 
under pressure in the casing string C and within the spring 
chamber 71 surrounding the mandrel is sufficient to over 
come the force of the spring 89 and the force of the gas 
in the tubing string T above the mandrel to reclose the gas 
lift valve; whereupon liquid will again be forced upwardly 
through the gravity valve B, assuming it to be in its open 
condition, and through the central passage 79a through 
the mandrel of the gas lift valve into the tubing string 
thereabove. 

In the use of the apparatus illustrated in the drawings, 
the combination of the lock assembly E, differential gas 
lift valve D, and gravity valve B is lowered as a unit on a 
wire line in the tubing string T, the mechanism passing 
through the seating nipple 19 to the desired location in 
the casing string, with the lock assembly E coming to rest 
upon the shoulder 18, whereupon the latches 20 will snap 
into the locking groove 21. The wire line and running-in 
tool (not shown) can then be released, in a known man 
ner, from the lock assembly E. Prior to lowering the ap 
paratus, water or other suitable liquid is placed within the 
reservoir 35, filling the elastomeric diaphragm tube 60, 
the nipple 63, and reservoir tube 64, and the reservoir 
housing portion up to the level of the perforations or slots 
(66. The hydrostatic head within the diaphragm will then 
exert a maximum force, deflecting the cantilever or spring 
like tube 46 to its closed position, as illustrated in FIG. 
2b. 
The gas under pressure is flowing from the formation 

F through the perforations 10 into the tubing-casing an 

O 

5 

20 

30 

3 5 

40 

60 

70 

8 
such gas is prevented from entering the gravity valve B 
through its screen 41, since the liquid level is always 
maintained several feet above the inlet screen. Assuming 
the liquid level has risen in the casing C and within the 
gravity valve B around the exterior of the diaphragm 60 
to a sufficient height, the differential hydrostatic pressure 
tending to expand the diaphragm 60 and hold the canti 
lever tube 46 in its closed position will decrease, the in 
herent spring-like characteristics in the cantilever tube 
being such as to cause it to return to its normal position 
in which the gravity valve is opened; that is, the valve 
head 45 has been shifted to the left, as seen in FIGS. 2b 
and 3b, to the open condition illustrated in FIGS. 3, 3b. 
The gas under pressure in the casing string is then effective 
to force the liquid through the slots 42 of the screen 41, 
up through the passage 44, and through the orifice 49 in 
the valve head into the cantilever tube 46, this liquid then 
moving upwardly through the mandrel passage 79a of 
the differential gas lift valve, which is then in a closed 
position as disclosed in FIG. 2, the liquid level rising in 
the tubing string T above the gas lift valve. As described 
above, the gas under pressure is also being exerted through 
the housing ports 92 upon the mandrel 79, tending to 
hold it in the closed position. When the level of the 
liquid, such as water, in the tubing string rises sufficiently, 
the hydrostatic head of the liquid acting downwardly on 
the mandrel 79 supplements the force of the spring 89 to 
overcome the gas pressure tending to hold the mandrel 
in its upward or closed position, the mandrel 79 then 
being shifted or snapped downwardly to the opened con 
dition illustrated in FIG. 3; whereupon the gas pressure 
can pass through the orifice 93 into the chamber 94, and 
around the open valve head 78, to lift the liquid in the 
tubing string T, expelling the liquid at the top of the 
well bore into a tank or pit, which is at atmospheric 
pressure. As the liquid is unloaded at the top of the well 
bore, the gas that has passed through the orifice 93 accel 
erates, the gas pressure within the tubing string Tabove the 
mandrel 79 dropping. When it decreases sufficiently, the 
gas pressure within the housing 71 acting in an upward 
direction over the differential area. R-S of the mandrel, 
is again sufficient to shift the mandrel 79 upwardly against 
the force of the spring 89 and to its closed condition. 
When the liquid level in the casing string C drops suffi 

ciently around the diaphragm 60, the hydrostatic pressure 
differential within the diaphragm 60 increases sufficiently 
to exert a lateral force through the diaphragm strip. 67 
upon the cantilever tube 46, to again deflect and shift it 
laterally to its closed position, in which the tungsten car 
bide seat 50 again closes the orifice 49 through the valve 
head 45. This closed condition will remain until suffi 
cient liquid again flows from the formation F through the 
perforations 10 into the casing string C and drops down 
Wardly thereof. When the level of liquid rises sufficiently, 
the external hydrostatic pressure acting on the diaphragm 
60 will again rise or increase to offset the internal hydro 
static pressure, until the differential pressure available is 
insufficient to overcome the spring force of the cantilever 
tube 46, which then inherently shifts to the left, as seen 
in FIGS. 2b and 3b, against its stop 56, in which its orifice 
49 is again open. The gas pressure in the tubing-casing 
annulus A is again effective to force the liquid upwardly 
through the orifice 49 and the cantilever tube 46 into 
the gas lift valve D, passing upwardly through the 
Straight-through mandrel passage 79a into the tubing 
string T thereabove. When the liquid level in the tubing 
string T again rises sufficiently, the gas lift valve D is 
again opened by Snapping the mandrel 79 downwardly to 
its valve opening position, permitting the gas under pres 
Sure to again lift the water or other liquid in the tubing 
string T and discharging it at the surface into the tank or 
pit. 
The foregoing cycle of operation of the opening and 

closing of the gravity valve B, and of the opening and 
closing of the gas lift valve D, occurs periodically to 

nullus A, and is constantly present therewithin. However, 75 insure the retention of the liquid level in the casing C at a 
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low value, so that it does not impose any back pressure 
on the formation F. The lower portion of the gravity valve 
B, to a level above its valve head 45, is always immersed 
in liquid so that virtually no gas is present in the gravity 
valve around the diaphragm 60. If some gas does become 
entrapped in the liquid, it can vent outwardly of the 
housing 38 through one or more vents 38a that may be 
provided in the upper portion of the housing. The only 
gas used is that employed for lifting the liquid through 
the tubing string T to the top of the well bore, and this 
gas is recoverable at the top of the hole. 
The combination of the lock assembly E, differential 

gas lift valve D, and gravity valve B can be installed or 
retrieved under pressure by means of a wire line, without 
pulling the tubing string T from the well casing. The 
gravity valve B can exert a substantial closing force on its 
cantilever tube 46, the transverse dimension or outside 
diameter of the gravity valve being kept to a low figure, 
which enables it to be installed or retrieved through the 
tubing string on a wire line, or the like. The entire ap 
paratus is completely automatic in operation, being de 
pendent upon the influx of the well liquid through the 
gravity valve B and the gas lift valve D into the tubing 
string T. It is unnecessary to undertake any manual oper 
ation, or control the operation of equipment by means of 
a surface timer, or the like. The liquid flows upwardly 
through longitudinal passages in the gravity valve and 
the gas lift valve through comparatively straight-line 
paths, which minimizes the possibility of trash lockup, or 
other plugging, of the equipment by foreign material that 
may be entrained in the liquid. 

claim: 
1. In a flow device adapted for use in a tubular string 

disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first longitudinally disposed 
valve member having a flow passage; a second longitudini 
nally disposed valve member engageable with said first 
member to close said passage and prevent fluid flow there 
through; one of said members being shiftable laterally of 
said other member to open and close passage; and elon 
gate means having a longitudinal axis and being com 
municable with and responsive to the hydrostatic head of 
fluid in the well bore for shifting said one of said members 
laterally of said other member, said shifting means axis 
extending along said one of said members, said shifting 
means being constructed and arranged to shift said one 
of said members laterally of said other member in re 
sponse to said hydrostatic head of fluid. 

2. In a flow device as defined in claim 1; wherein said 
shifting means extends along and shifts said first valve 
member laterally of said second valve member. 

3. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first valve member having a 
flow passage; a second valve member engageable with said 
first member to close said passage; one of said members 
being shiftable laterally of said other member to deter 
mine the opened and closed conditions of Said passage; 
and means responsive to the hydrostatic head of fluid 
in the well bore for shifting said one of Said members 
laterally of said other member; wherein said first valve 
member comprises an elongate tube; said shifting means 
engaging said tube to deflect said tube laterally of said 
second valve member. 

4. In a flow device as defined in claim 1; wherein said 
first valve member comprises an elongate tube. 

5. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first valve member having 
a flow passage; a second valve member engageable with 
said first member to close said passage; one of said mem 
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bers being shiftable laterally of said other member to 
determine the opened and closed conditions of Said pas 
sage; and means communicable with and responsive to 
the hydrostatic head of fluid in the well bore for shifting 

10 
said one of said members laterally of said other member, 
said shifting means extending along said one of said mem 
bers and being constructed and arranged to be shifted 
laterally of said other member in response to such hydro 
static head of fluid; wherein said shifting means comprises 
diaphragm means having a substantially constant hydro 
static head of fluid acting thereon and tending to shift both 
said diaphragm means and said one of said members later 
ally of said other member, said diaphragm means also be 
ing subject to the hydrostatic head of fluid in the well bore 
to provide a force on said diaphragm means opposing the 
force thereon provided by said substantially constant hy 
drostatic head of fluid. 

6. In a flow device as defined in claim 5; wherein said 
diaphragm means and first valve member are shifted lat 
erally of said second valve member. 

7. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first valve member having 
a flow passage; a second valve member engageable with 
said first member to close said passage; one of said mem 
bers being shiftable laterally of said other member to de 
termine the opened and closed conditions of said passage; 
and means responsive to the hydrostatic head of fluid in 
the well bore for shifting said one of said members later 
ally of said other member; wherein said first valve member 
comprises an elongate tube; said shifting means compris 
ing diaphragm means having a substantially constant hy 
drostatic head of fluid acting thereon and tending to de 
flect said tube laterally of said second valve member, said 
diaphragm means also being subject to the hydrostatic 
head of fluid in the well bore to provide a force on said 
diaphragm means opposing the force thereon provided by 
said substantially constant hydrostatic head of fluid. 

8. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first valve member having 
a flow passage; a second valve member engageable with 
said first member to close said passage; one of said mem 
bers being shiftable laterally of said other member to de 
termine the opened and closed conditions of said passage; 
and means responsive to the hydrostatic head of fluid in 
the well bore for shifting said one of said members later 
ally of said other member; wherein said shifting means 
comprises an elongate tubular elastomer diaphragm having 
a longitudinal axis and having a substantaially constant 
hydrostatic head of fluid acting therein and tending to 
shift said diaphragm laterally of its axis to shift said one 
of said members laterally of said other member, said dia 
phragm also being subject to the hydrostatic head of fluid 
in the well bore acting externally on said diaphragm to 
provide an external force on said diaphragm opposing the 
internal force therein provided by said substantially con 
stant hydrostatic head of fluid. 

9. In a flow device as defined in claim 8; wherein said 
diaphragm acts on and shifts said first valve member lat 
erally of said second valve member. 

10. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first valve member having 
a flow passage; a second valve member engageable with 
Said first member to close said passages; one of said 
members being shiftable laterally of said other member 
to determine the opened and closed conditions of said 
passage; and means communicable with and responsive 
to the hydrostatic head of fluid in the well bore for shift 
ing Said one of said members laterally of said other mem 
ber, said shifting means extending along said one of said 
members and being constructed and arranged to be shifted 
laterally of said other member in response to such hydro 
static head of fluid; wherein said first valve member com 
prises an elongate tube; said shifting means engaging said 
tube and comprising an elongate tubular elastomer dia 
phram having a longitudinal axis and having a substan 
tially constant hydrostatic head of fluid acting therein and 
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tending to shift said diaphragm laterally of its axis to shift 
said tube laterally of said second valve member, said 
diaphragm also being subject to the hydrostatic head of 
fluid in the well bore acting externally of said diaphragm 
to provide an external force on said diaphragm opposing 
the internal force therein provided by said substantially 
constant hydrostatic head of fluid. 

11. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into the tubular string: a first valve member having 
a flow passage; a second valve member engageable with 
said first member to close said passage; means for shift 
ing one of said members relative to said other member to 
determine the opened and closed conditions of said pas 
Sage, said shifting means comprising an elongate longitudi 
nally extending diaphragm having a longitudinal axis and 
having a substantially constant hydrostatic head of fluid 
acting thereon and tending to shift said diaphragm later 
ally of its axis to shift said one of said members relative 
to said other member, said diaphragm also being subject 
to the hydrostatic head of fluid in the well bore to provide 
a force on said diaphragm opposing the force thereon 
provided by said substantially constant hydrostatic head 
of fluid. 

12. In a flow device as defined in claim 11; wherein 
said diaphragm comprises an elastomer tube, said sub 
stantially constant hydrostatic head of fluid acting inter 
nally of said tube, said hydrostatic head of fluid in the 
well bore acting externally on said tube. 

13. In a flow device adapted for use in a tubular string 
disposed in a well bore: a valve body having a valve seat; 
a mandrel in said body and having a longitudinal passage 
therethrough; upper and lower means on said body sup 
porting said mandrel for longitudinal movement in said 
body into and from engagement with said seat; said body 
having orifice means therein between said seat and said 
upper means and through which fluid externally of said 
body can flow into the tubular string when said mandrel 
is disengaged from said seat; said lower means sealingly 
engaging said mandrel; means engaging said mandrel for 
shifting said mandrel from said seat; said body having a 
passage between said upper and lower means through 
which fluid externally of said body can pass for action 
on said mandrel to urge said mandrel into engagement 
with said seat to close said orifice means. 

14. In a flow device as defined in claim 13; the seal 
diameter of said seat against said mandrel being greater 
than the seal diameter of said lower means against said 
mandrel. 

15. In a flow device as defined in claim 13; said upper 
means making a slip fit with said mandrel, said shifting 
means comprising a spring engaging said upper means 
and said mandrel. 

16. In a flow device as defined in claim 13; said valve 
body being elongate with its valve seat in its upper por 
tion, said mandrel passage being constantly open, the 
upper portion of said mandrel engaging said seat to close 
said orifice against flow of fluid therethrough and through 
said seat, said upper means being spaced below said seat, 
said shifting means shifting said mandrel downwardly 
from said seat, the fluid passing through said body passage 
urging said mandrel upwardly into engagement with said 
Seat. 

17. In a flow device adapted for use in a tubular string 
disposed in a well bore for controlling flow of well bore 
fluid into and through the tubular string: a lower gravity 
valve adapted to be disposed in the tubular string and hav 
ing a flow passage therein and valve means controlling 
flow of well bore liquid into said passage in response to 
the hydrostatic head of such liquid in the well bore; and 
a gas lift valve adapted to be disposed in the tubular 
string above said gravity valve and connected to said 
gravity valve, said gas lift valve having a passage through 
which the liquid passing through said gravity valve pas 
Sage can flow into the tubular string above the gas lift 
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12 
valve, said gas lift valve having valve means responsive 
to the liquid level in the tubular string for controlling flow 
of gas under pressure into the tubular string to lift the 
liquid therein. 

18. In a flow device as defined in claim 17; said gravity 
valve and gas lift valve being constructed and arranged 
for movement as a unit through the tubular string be 
tween the top of the well bore and a desired location 
therein; and means connected to said gas lift valve for 
releasably securing said gas lift valve and gravity valve 
to the tubular string at such desired location. 

19. In a flow device as defined in claim 17; said valve 
means of said gravity valve comprising a first valve mem 
ber having a flow passage, a second valve member en 
gageable with said first member to close said passage, 
one of said members being shiftable laterally of said other 
member to determine the opened and closed conditions 
of said passage, and means responsive to the hydrostatic 
head of fluid in the well bore for shifting said one of said 
members laterally of said other member; said valve means 
of said gas lift valve comprising a valve body having a 
valve seat, a mandrel in said body and having a longi 
tudinal passage therethrough, upper and lower means on 
said body supporting said mandrel for longitudinal move 
ment in said body into and from engagement with said 
seat, said body having orifice means therein between said 
seat and said upper means through which fluid externally 
of said body can flow when said mandrel is disengaged 
from said seat, said lower means sealingly engaging said 
mandrel, means engaging said mandrel for shifting said 
mandrel from said seat, said body having a passage be 
tween said upper and lower means through which fluid 
externally of said body can pass for action on said man 
drel to urge said mandrel into engagement with said seat 
to close said orifice means. 

20. In a flow device as defined in claim 17; said valve 
means of said gravity valve comprising a first valve mem 
ber having a flow passage, a second valve member en 
gageable with said first member to close said passage, one 
of said members being shiftable laterally of said other 
member to determine the opened and closed conditions 
of said passage, and means responsive to the hydrostatic 
head of fluid in the well bore for shifting said one of 
said members laterally of said other member; said valve 
means of said gas lift valve comprising a valve body hav 
ing a valve seat, a mandrel in said body and having a 
longitudinal passage therethrough, upper and lower means 
on said body supporting said mandrel for longitudinal 
movement in said body into and from engagement with 
said seat, said body having orifice means therein between 
said seat and said upper means through which fluid ex 
ternally of said body can flow when said mandrel is dis 
engaged from said seat, said lower means sealingly en 
gaging said mandrel, means engaging said mandrel for 
shifting Said mandrel from said seat, said body having a 
passage between said upper and lower means through 
which fluid externally of said body can pass for action 
on said mandrel to urge said mandrel into engagement 
with said seat to close said orifice means; said gravity 
valve and gas lift valve being constructed and arranged 
for movement as a unit through the tubular string between 
the top of the well bore and a desired location therein; 
and means connected to said gas lift valve for releasably 
Securing said gas lift valve and gravity valve to the tubular 
String at such desired location. 

21. In a flow device as defined in claim 17; said valve 
means of said gravity valve comprising an elongate tube 
having a fluid passage therethrough, a valve member en 
gageable with said tube to close said passage, said tube 
being deflectable laterally of said valve member to open 
and close said passage, shifting means for shifting said 
tube laterally of said valve member comprising an elon 
gate tubular elastomer diaphragm having a substantially 
constant hydrostatic head of fluid acting therein and tend 
ing to shift said tube laterally of said valve member, said 

75 diaphragm also being subject to the hydrostatic head of 



3,433,174 
3 

fluid in the well bore acting externally on said diaphragm 
to provide an external force on said diaphragm opposing 
the internal force therein provided by said substantially 
constant hydrostatic head of fluid; said gas lift valve hav 
ing an elongate valve body, a valve seat in the upper por 
tion of said valve body, a mandrel in said body and hav 
ing a constantly open longitudinal passage therethrough, 
upper and lower means on said body supporting said 
mandrel for longitudinal movement in said body and for 
movement into and from engagement with said valve 
seat, said body having orifice means therein between said 
valve seat and said upper means through which fluid ex 
ternally of said body can flow when said mandrel is dis 
engaged from said seat, said lower means sealingly en 
gaging said mandrel, means engaging said mandrel for 
shifting said mandrel from said seat, said body having a 
passage between said upper and lower means through 
which fluid externally of said body can pass for action on 
said mandrel to urge said mandrel into engagement with 
said seat to close said orifice means. 

22. In a flow device as defined in claim 17; said valve 
means of said gravity valve comprising an elongate tube 
having a fluid passage therethrough, a valve member en 
gageable with said tube to close said passage, said tube 
being deflectable laterally of said valve member to open 
and close said passage, shifting means for shifting said 
tube laterally of said valve member comprising an elon 
gate tubular elastomer diaphragm having a substantially 
constant hydrostatic head of fluid acting therein and tend 
ing to shift said tube laterally of said valve member, said 
diaphragm also being subject to the hydrostatic head of 
fluid in the well bore acting externally on said diaphragm 
to provide an external force on said diaphragm opposing 
the internal force therein provided by said substantially 
constant hydrostatic head of fluid; said gas lift valve hav 
ing an elongate valve body, a valve seat in the upper por 
tion of said valve body, a mandrel in said body and having 
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a constantly open longitudinal passage therethrough, up 
per and lower means on said body supporting said man 
drel for longitudinal movement in said body and for 
movement into and from engagement with said valve seat, 
said body having orifice means therein between said valve 
seat and said upper means through which fluid externally 
of said body can flow when said mandrel is disengaged 
from said seat, said lower means sealingly engaging said 
mandrel, means engaging said mandrel for shifting said 
mandrel from said seat, said body having a passage be 
tween said upper and lower means through which fluid 
externally of said body can pass for action on said man 
drel to urge said mandrel into engagement with said seat 
to close said orifice means; said gravity valve and gas lift 
valve being constructed and arranged for movement as 
a unit through the tubular string between the top of the 
well bore and a desired location therein; and means con 
nected to said gas lift valve for releasably securing said 
gas lift valve and gravity valve to the tubular string at 
such desired location. 
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