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This invention relates to well equipment and 
relates more particularly to apparatus for ele 
Vating liquids in Wells where the gas pressure 
is insufficient to cause the well to flow and for 
increasing the production of flowing wells. A 
general object of the invention is to provide a 
simple, effective and economical apparatus of 
this character. 
Another object of the invention is to provide a 

fluid elevating apparatus of the character re 
ferred to embodying one or more gas lifts or 
separators constructed and arranged to most effi 
ciently utilize the fluid pressure or gas pressure 
to Successively elevate the liquid. 
Another object of this invention is to provide 

an apparatus of the character referred to in 
which a minimum number of separators or lift 
units is required. 
Another object of this invention is to provide 

an apparatus of the character referred to in 
which the separators or lift units are related and 
located to take full advantage of the natural 
tendency for the gas to elevate the liquid before 
it separates from the liquid at given levels and 
the elevating units serve to remix the gas with 
the oil or other liquid at or below each natural 
level of separation to provide for the successive 
stages of lifting action. 
Another object of this invention is to provide 

an apparatus of the character referred to that 
is simple and does not require valves or other 
parts liable to Wear or fail. 
Another object of this invention is to provide 

an apparatus of the character referred to en 
bodying a pump for receiving the fluid after it 
leaves the uppermost lift unit or separator and 
before the gas is allowed to again separate from 
the liquid, the pump operating to discharge the 
fluid from the top. of the well, assuring a sub 
stantially constant maximum production with a 
minimum expenditure of power. V 
A further object of the invention is to provide 

an apparatus of the character referred to that 
is effective in increasing the production of flow 
ing wells. When the apparatus is employed in 
a flowing Well the Separator or lift units serve 
to reduce the separation of the gas from the 
oil and Operate to remix the gas with the liquid 
or oil so that there is a greater proportion of 
oil produced. 
The various objects and features of my in 

vention will be fully understood from the fol 
lowing detailed description of a typical, preferred 
form and application of the invention, through 
out which description reference is made to the 
accompanying drawing, in which: 

Fig. 1 is a diagrammatic view of the upper por 
tion of the apparatus arranged in a well with 
the body parts and tubing in longitudinal cross 
section. Fig. 2 is a view similar to Fig. 1 show 
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ing the lower portion of the apparatus in '': C well. 
Fig. 3 is an enlarged longitudinal detailed sec 
tional view of the upper portion of one of the 
separators and Fig. 4 is a view similar to Fig. 3 
showing the lower portion of the separator, cer 
tain parts appearing in side elevation in Figs. 
3 and 4. 
The apparatus of the present invention as em 

ployed in a non-flowing well may be said to com 
prise, generally, a tubular well string or produc 
tion string 0 arranged in a well, one or more 
gas lift units connected in the string 0 and 
a pump 2 for elevating the fluid after it leaves 
the uppermost lift unit f. 
The tubular string O extends into the well 

from the ground surface to pass through the 
well casing C with suitable clearance. The cas 
ing C is Suspended from the usual casing head 
and the tubing string O is suspended from a 
Suitable tubing head. Casing heads and tubing 
heads are conventional in the various forms of 
Well production equipment and as the present 
invention is not primarily concerned with the 
details of these structures the heads have been 
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Omitted from the present disclosure. It is to be 
understood, however, that the casing head and 
the tubing head are provided with the usual fluid 
connections, etc. The string iO of tubing ex 
tends downwardly in the well to have its lower 
end in receiving relation to the producing sands 
or productive zone of the well. In most cases 
there will be a column of fluid standing in the 
Well and extending upwardly into the well casing 
C and the string O may extend a considerable 
distance into this fluid column. In accordance 
With the usual practice the string O may be 
made up of lengths of pipe or tubing 3 con 
nected by suitable threaded couplings. 
The separators or gas lift units are inter 

posed in the string 0 to utilize the elevating ac 
tion of the gas under pressure for the successive 
elevation of the oil or liquid. The number of 
units employed depends upon numerous fac 
tors Such as the depth of the well, the gas pres 
Sure, the ratio of gas and oil, etc. It is a feature 
of the invention that a large number of separa 
tors or units is not required. The lowermost 
Separator or unit is positioned only a short 
distance below the plane where the gas would 
normally separate from the fluid flowing up in 
the string 0 and, in most cases, this lowermost 
unit f is spaced from the well bottom a dis 
tance equal from one-third to one-half the 
depth of the well. The second to the lowermost 
Separator or lift unit f is located slightly be 
low the plane where the gas would again sepa 
rate from the oil or liquid flowing up through the 
string 0 from the first or lowermost unit . In 

I many cases the Second to the lowermost unit 
(60 will be a relatively short distance from the top of 
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the well although where the well is very deep the 
Second to the lowermost unit f may be a Sub 
stantial distance from the ground surface in 
which case a third or even a fourth unit f may 
be required. It is important to note that the 
separators or gas lift units f are only required 
at points below the planes of normal separation 
of the gas from the liquid flowing up in the string 
0 and that these points are usually a substantial 

distance apart so that the minimum number of 
units is required. 
Each separator or lift unit comprises a bar 

rel or body 4. The bodies 4 of the units 
may be lengths of tubing similar to the lengths 
of tubing 3. A coupling 5 is provided at each 
end of each body 4. The couplings 5 are screw 
threaded to the tubing sections 3 at 6 and are 
screw threaded to the bodies 4 at . Trans 
verse webs or partitions 8 are provided in the 
couplings 5 and form the upper and lower walls 
of the bodies 4. The webs or partitions 8 may 
be integral parts of the couplings 5 or may be 
otherwise formed. A central vertical opening 9 
is provided in each partition 8. 
The separators or lift units if each further in 

clude an inlet tube 20 extending upwardly from 
its lower partition 8. The lower ends of the in 
let tubes 20 are screw threaded or otherwise 
fixed in the openings 9 of the lower partitions 8. 
The inlet tubes 20 extend upwardly a substantial 
distance in their respective bodies 4 to have their 
upper ends a short distance below the upper par 
titions 8. The tubes 20 are preferably quite 
small in diameter and fluid capacity and are re 
ceived in the bodies f4 with substantial clearance. 
The upper ends 2 of the tubes 2C are open to 
discharge into the bodies 4. 

Each separator or lift unit further includes 
an outlet tube 22 arranged to conduct the fluid 
from the body 4. The outlet tubes 22 extend 
downwardly from the upper partitions 8 having 
their upper ends screw threaded or otherwise 
fixed in the openings 9 in the upper partitions. 
The outlet tubes 22 are quite. Small in diameter 
and are of substantial length to have their lower 
ends spaced a short distance from the lower par 
titions 8. The tubes 20 and 22, arranged and 
proportioned as described, overlap or extend for 
a considerable distance in side by side relation. 
The tubes 20 and 22 are secured in the central 
openings 9 of the partitions 8 and, therefore, 
may engage one against the other but as the 
tubes are quite small in diameter and quite lim 
ber they readily lean in opposite directions as il 
lustrated in the drawing so that this interfer 
ence or engagement is of no consequence. 
centralized attachment of the ends of the tubes 
20 and 22 to their respective partitions fs is de 
sirable for obvious reaSons. 
The lower portions of the outlet tubes 22 are 

formed to receive the fluid from the lower por 
tions of the bodies 4 and, in accordance with 
the invention, are constructed to effectively mix 
the gas with the oil or liquid when sufficient 
volumes of gas have accumulated in the bodies 4 
to discharge through the tubes 22. Closures or 
plugs 23 may close the lower ends of the outlet 
tubes 22. The lower portion of each outlet tube 
22 is provided with a plurality of slots 24 for ad 
mitting fluid from the bodies 4 to the interiors 
of the tubes. The slots 24 are narrow and are 
formed to effectively 'scrub' the gas into the oil 
or liquid when the conditions are such that oil 
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number of the slots 24 are such that the separa 
tors or lift units have the required capacity. . 
The pump 2, while not required in every in 

stallation, is usually desirable as it provides for 
a substantially constant flow from the well and 
relieves the lift units of a dampening or chok 
ing pressure that might otherwise develop. In 
accordance with the invention any suitable or se 
lected form of well pump may be employed. The 
pump 2 is arranged in the string O above the 
uppermost lift unit i? and in accordance with 
the invention is arranged slightly below the plane 
where the gas would normally separate from the 
oil or liquid after leaving the uppermost unit . 
This uppermost plane of gas and liquid separa 
tion may be a substantial distance above the up 
permost unit i? and may be only a short distance 
from the top of the well. Accordingly, the pump 
2 may not be required to lift the fluid a great 

distance and may be operated with a minimum 
expenditure of power. 
In the diagrammatically illustrated apparatus 

the pump 2 is of the standing plunger and work 
ing barrel type having a plunger 25 suitably an 
chored in the string O and having a barrel 26 
reciprocating down over the plunger. The bar 
rel 26 is operated by a pump rod 27 extending 
to the ground surface and the pump embodies 
the usual standing and working valves. The 
inlet 28 of the pump 2 directly receives the fluid 
from the interior of the string Obelow the pump. 
The pump 2 may operate to elevate the fluid 
through the upper portion of the string 0 or, 
if desired, a second or inner string may be em 
ployed to conduct the pump fluid upwardly from 
the pump to the ground surface. 

In use or operation the apparatus is installed 
as above described to have the lowermost lift 
unit slightly below the plane of separation 
of the gas from the fluid flowing through the 
string 0 and the second to the lowermost unit 
f is likewise arranged a short distance below 
the plane of natural separation of the gas from 
the oil or liquid passing upwardly through the 
string ?o after leaving the lowermost unit . 
Where more than two units are employed the 
units are, in each case, arranged a short dis 
tance below the plane of natural separation of 
the gas from the liquid flowing upwardly through 
the string O. Because of this positioning of the 
units if the full natural lifting action of the 
entrained gas is utilized and a maximum deliv 
ery of liquid to the units is assured. With the 
lowermost unit positioned a substantial dis 
tance from the bottom of the well or the pro 
duction Zone the fluid is free to flow upwardly 
through the string 0 to said unit and there 
is no choking action or retarding action due to 
the installation of lifts or separators in the lower 
part of the string O. 
The gas is delivered to the units if while still 

mixed or entrained with the oil or liquid and 
Separates from the liquid only upon the dis 
charge of the fluid into the bodies 4. This sep 
aration of the gas from the oil or liquid is not, 
of course, necessarily complete and a substantial 
proportion of the gas may remain mixed with 
the oil which falls into the lower portions of 
the bodies 4. The liquid discharging from the 
upper ends of the inlet tubes 20 falls into the 
lower portions of the bodies 4, which are closed 
by the lower partitions 8. A substantial body 
of liquid soon accumulates in the lower portion 
of each body 4 and this liquid rises above the 

and gas both enter the tubes 22. The size and is lower end of the outlet tube 22 and its slots2. 
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The gas under pressure accumulates in the upper 
portions of the bodies 4. The liquid accumu 
lating in the lower portions of the body is 
forced through the perforations or slots 24 and 
upwardly through the outlet tubes 22 by the gas 
pressure accumulating in the upper portions of 
the body 4. In practice, there may be a sub 
stantial prolonged delivery of oil or liquid from 
a unit by the action just described. The gas, 
delivered to the units with the liquid, accu 
mulates in the upper portions of the bodies 4 
and the accumulations of the gas increase. In 
time the lower level of an accumulation of gas 
in a body i? reaches the slots 24 so that gas as 
well as liquid is delivered to the related outlet 
tube 22. The slots 24 are narrow so that this 
gas is thoroughly mixed with the liquid leav 
ing the unit . Thus the gas that separates 
from the liquid in the units f is remixed with 
the liquid to assist in the stage elevation. Or suc 
cessive lifting of the liquid through the string 
O. The liquid and gas levels in the units may 

fluctuate from time to time as the ratio of gas 
and oil changes. However, it will be apparent 
that the gas separating from the oil or liquid 
as it passes through the units is ultimately 
substantially entirely remixed with the oil or 
liquid for the next lifting stage. 
The pump 2 may be in continuous operation 

and serves to elevate the fluid through the up 
per portion of the well. As above described, 
the pump 2 is located a short distance below 
the plane of natural separation of the gas from 
the liquid that has been lifted from the upper 
most unit and there is little or no free gas 
delivered to the pump 2. Accordingly, the pump 
2 Operates without a gas lock condition develop 

ing. The pump 2 operating to pump away fluid 
delivered to it by the uppermost unit i? greatly 
assists the units in their stage elevation of 
the fluid. 
In applying the invention to a flowing well the 

pump 2 is not necessary. When a well is flowing 
from natural causes there is usually a marked 
tendency for the gas to separate from the liquid 
or oil so that the well produces liquid and free 
gas. When the apparatus of the present inven 
tion is utilized in a flowing well the gas is held 
in the oil and there is a much greater proportion 
of oil produced than there would be if the well 
was allowed to flow naturally. In the case where 
the apparatus is installed in a flowing well the 
Separators or units are installed and located 
as above described, that is, they are positioned 
adjacent and slightly below the planes where the 
separation of the gas would normally occur. The 
gas that separates from the liquid accumulates in 
the upper portions of the bodies 4 and the pres 
Sure of the gas in the bodies builds up and oper 
ates, as above described, to assist in elevating the 
liquid through the string O. Further, the gas 
pressure thus maintained in the units keeps 
the fluid under a substantial pressure and pre 
vents, or at least greatly reduces, the separation 
of the gas from the oil. The gas leaving the 
bodies remixes with the liquid or oil when the 
fluids pass through the slots 24, this action being 
described above. The fluid is produced from the 
well with a minimum of gas separation and the 
production is proportionately increased. 

Having described only a typical preferred form 
and application of my invention, I do not wish 
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to be limited or restricted to the specific details 
herein set forth, but wish to reserve to myself 
any variations or modifications that may appear 
to those skilled in the art or fall within the 
scope of the following claims. 

Having described my invention, I claim: 
1. Apparatus for elevating fluid in a well pro 

ducing liquid and gas under pressure Comprising 
a tubular string extending into the well to con 
duct the fuids therefrom, a plurality of verti 
cally spaced fluid lift units interposed in the 
string, the lowermost unit being adjacent and 
below the plane of separation of the gas from the 
liquid rising in the lower portion of the string, 
the other units being adjacent and below the 
planes of separation of the gas from the liquid 
rising in the string from the units next below 
them, and a pump adjacent and below the plane 
of separation of the gas from the liquid rising 
from the uppermost unit for elevating the fluid 
to the ground surface. 

2. Apparatus for elevating fluid in a well pro 
ducing liquid and gas under pressure comprising a 
tubular string extending into the well to conduct 
the fluids therefrom, a fluid lift unit interposed 
in the string adjacent and below the plane of 
separation of the gas from the liquid rising 
through the lower portion of the string and oper 
able to elevate the liquid through the string by 
the pressure of the accumulating freed gas, and a 
fluid lift unit interposed in the string adjacent 
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and below the plane of separation of the gas 
from the liquid rising from the first named lift 
unit and operable to further elevate the liquid 
in the string by the pressure of the accumulating 
freed gas, the portion of the string between the 
units being free and unrestricted, each of said 
units including a body having a chamber, an in 
let tube for carrying the fluid upwardly from the 
portion of the string below the body to the upper 
portion of the chamber, and an outlet tube for 
carrying the fluid upwardly from the lower por 
tion of the body to the part of the string above 
the body. 

3. Apparatus for elevating fluid in a well pro 
ducing liquid and gas under pressure comprising 
a tubular string extending into the well td con 
duct the fluids therefrom, a fluid lift unit inter 
posed in the string adjacent and below the plane 
of separation of the gas from the liquid rising 
through the lower portion of the string and oper 
able to elevate the liquid through the string by 
the pressure of the accumulating freed gas, and 
a fluid lift unit interposed in the string adjacent 
and below the plane of separation of the gas 
from the liquid rising from the first named lift 
unit and operable to further elevate the liquid in 
the string by the pressure of the accumulating 
freed gas, the portion of the string between the 
units being free and unrestricted, each of said 
units including a body having a chamber, an in 
let tube for carrying the fluid upwardly from the 
portion of the string below the body to the upper 
portion of the chamber, and an outlet tube for 
carrying the fluid upwardly from the lower por 
tion of the body to the part of the string above 
the body, the lower portion of the outlet tube have 
ing slots for admitting the fluid from the body 
and serving to mix the gas with the liquid as the 
fluids enter the outlet tube. 

HOLLES D. wooDMANSEE. 


