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This invention pertains to an apparatus for 
alrtificially producing, wells. More particularly, 
this invention pertains to an improved plunger for 
use in gas lifting oil Wells. 
In gas lifting liquid from a Well, the common 

practice has been to inject gas by any of a nunaber 
of means into an eduction tube below the level of 
the fluid, thereby raising the liquid level to the 
Surface either by aeration of the column of liquid 
in the eduction tubing or by mere displacement of 
slugs of liquid with the gas. As is well known, by 
either method the gas-oil ratio is generally very 
high; and, therefore, the efficiency of the process 
is too low to justify gas lift operations in many 
Wells--particularly stripper or marginal Wels. 

It has been proposed to improve this efficiency 
of gas lift by inserting a divider means, such as a 
plunger, between the liquid Column and the gas 
column which is used to lift the liquid coluinn to 
the surface. By this means by-passing of liquid 
with the gas is avoided, and the gas-oil ratio is 
Substantially reduced. A plunger of this type and 
method of operation are shown in U.S. 1,833,778, 
Fletcher. Although various modifications and in 
provements have been made in that system of gas 
lifting wells, it has not been Widely used due to 
the high installation cost. I have found that in 
that System the clearance between the plunger 
and the tubing must be very low to prevent the 
gas from by-passing the plunger and that, in order 
to maintain this clearance in the proper range, a 
specially bored or selected tubing string is re 
quired. The cost of special boring is often prohibi 
tive, in the first place; and, second, the possibility 
of injury, Such as denting of the tubing string 
during handling, is rather high. Wells requiring 
artificial lift generally will not justify such ex 
pense and Such risk. While it would be possible 
Occasionally to select tubing joints having a sub 
stantially uniform diameter, for a special string, 
obviously, no oil producer could afford to buy tub 
ing, select joints therefron, and sell or salvage the 
remainder of the joints. 
joints, however, the efficiency of a plunger gas lift 
System using a fixed diameter plunger is reduced 
by even minor Variations in the inside diameter 
of the tubing. Such variation cannot be avoided 
in a long tubing String. Since the fixed diameter 
plunger must be small enough to pass the smallest 
diameter in the complete tubing string, it in- ; 
variably allows gas-by-passing at the larger points 
in the string. These difficulties have substantially 
limited the use of the plunger gas lift system. 

It is therefore an object of this invention to pro 
yide an improved apparatus for gas lifting wells, 
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It is a further object of this invention to provide 
an inproved gas lift plunger. A still further ob 
ject of this invention is to provide a gas lift plunger 
which will prevent by-passing of fluid in tubing 
having random variations in diameter. These 
and other objects of this inventicin Will become ap 
parent from the following description of certain 
embodiments of my invention which are presented 
for the purpose of illustration. In this descrip 
tion, reference will be inade to the accompanying 
drawings in which: 

Figure 1 is a view partially in cross-section of a 
diagrammatic representation of one type of im 
proved gas lift plunger, showing the Sealing rings 
in an expanded or power Stroke position, 

Figure. 2 is a view partially in cross-section of 
the gas lift plunger shown in Figure 1, showing 
the sealing rings in contracted Or return stroke 
position; 

Figure 3 is a cross-sectional view of an alterna 
tive means for contracting and expanding the 
sealing ring, the Sealing ring being shown in ex 
panded position; and 

Figure 4 is a cross-sectional view of the appara 
tus shown in Figure 3, the sealing ring being 
shown in contracted position. 
This invention, in brief, comprises a gas lift 

plunger which is adapted to being reciprocated 
throughout. Substantially, the Whole length of a 
random-diameter Well tubing String. As the 
plunger ascends with a load of liquid, flexible seal 
ing rings mounted on a body are expanded re 
siliently against the inner Walls of the tubing. 
When the plunger arrives at the surface with its 
load of liquid, the sealing rings are contracted and 
the plunger is allowed to fall relatively freely 
through the tubing String to a botton stop (not 
shown) which is located Substantially: below the 
Working fiuid level of the well. At substantially 
the position of the lower stop in the tubing, the 
Sealing rings are again expanded; and, as gas 
preSSure is applied below the plunger, the plunger 
is again driven to the surface. 
Turning now to a detailed description of the 

drawings, an embodiment of my gas lift, plunger. 
is shown in a section of tubing 8. The plunger 
consists essentially of a tubular framework or 
body having a fishing neck 2 at the top there 
of, a multiplicity of sealing rings 3 disposed along 
the body, and a central tripping rod 4. The seal 
ing rings are, preferably, metallic-for example, 
hardened steel-and Will operate for substantial 
periods of time in the tubing without appreciable 
Wear. The diameter of these rings may be varied 
Substantially due to the step cut 5, as shown in 
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Figures 1 and 2, without permitting the fluid to 
by-pass the rings. It is desirable, for example, 
that in operation the diameter of the ring may 
vary as much as one-half inch in the 2- or 22 
inch tubing Size ring without permitting fluid to 
by-pass the sealing ring. In larger tubing sizes 
the variation is proportionately larger. Further 
more, the ring is preferably highly flexible, so 
that it may be readily mounted in the recess or 
groove 3 of the body. A number of tapered ribs 
A may be attached to the inside of the sealing 
rings so that when the resilient frustro-conical ex 
panders 8, which are attached to central tripping 
rod 4, are moved up and down, the sealing ring 
will be resiliently expanded and contracted. 

he body may be a grooved, tubular member 
Substantially in one piece, as indicated in Figure 1, 
or it may be made up of a number of sections 20, 
as indicated in Figure 2, each section containing 
a groove for the sealing ring and lineans to con 
nect to the sections above and below. This type 
Of construction is preferred in Sorine cases, since 
it facilitates assembly of the Sealing rings on the 
body of the gas lift plunger. 
These frustro-conical cams or expanders 3 

may be constructed of any resilient material, such 
as rubber, preferably synthetic, leaf springs longi 
tudinally mounted on the rod, or the like. As 
indicated, they have the Sinall-diameter end at 
the top and the large-diameter end at the bottom 
and are mounted along the tripping rod at dis 
tances corresponding to the spacing of the sealing 
rings on body . The tripping iod extends out 
of both ends of the body for a distance sufficient to provide the neceSSary aXiai movement of the 
expanders and lateral movement to the sealing 
ring When the rod is moved. That is, with refer 
ence specifically to Figure 1, during the power 
stroke, the tripping rod extends out of the upper 
end of the body a Sufficient distance so that when 
the upper end of the tripping body strikes the 
upper stop (not shown) in the tubing, the tripping 
rod, including the expanders, will be moved down 
Ward in the body, and the sealing ring diameter 
will be decreased from about one-eighth to about 
One-half inch, or more. Similarly, when the 
plunger is on the down stroke, the tripping rod 
extends out of the bottom of the body a sufficient 
distance to return the rod and sealing rings to 
the expanded position when the rod strikes the 
lower stop (not shown) in the tubing. 
in operation the plunger is placed in the tubing 

in the position shown in Figure 2-the contracted 
position. Being substantially smaller than the 
tubing, it falls relatively freely until the lower end 
of the tripping rod strikes the bottom stop in the 
tubing. When the tripping rod strikes the botton 
Stop, due to the inertia of the body, tapered ribs 

are forced down over expanders 8, and the 
Sealing rings f4 are forced out against the inner 
Wall of the tubing. Liquid-for example oil 
may then be allowed to flow into the tubing above 
the plunger; or, in Some cases, the frequency of 
Oscillations of the plunger in the tubing may be 
adjusted So that by the time the plunger reaches 
the bottom position Sufficient oil has accumulated 
in the bottom of the tubing to start another cycle. 
In any case, When Sufficient oil has accumulated 
On top of the plunger, gas is injected into the tub 
ing below the plunger at a pressure sufficient to 
Overcome the friction of the sealing rings and the 
fluid head. I have found, for example, that in 
2%-inch tubing a pressure of about 70 p.s. i. is 
required to overcome the static force due to 1. 
barrel of oil in the tubing and that the force re 
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4. 
quired to overcome the friction between the seal 
ing rings and the inner tubing wall varies sub 
Stantially. Even though the frictional forces do 
vary Substantially, I have found that a gas pres 
Sure of about 200 p.s. i. is adequate in practically 
all cases. When about 1 barrel of oil is lifted per 
plunger trip in 2/2-inch tubing. 
When Sufficient pressure is applied to overcome 

the static force due to the head of oil and the 
friction between the sealing ring and tubing, the 
plunger moves upward in the tubing until the 
upper end of the tripping rod strikes the upper 
Stop in the tubing. This stop is preferably above 
the flow line connection to the tubing, so that all 
of the oil carried up by the plunger is discharged 
into the flow line from the well before the tripping 
rod Strikes the upper stop. Obviously, various re 
silient means may be provided at the upper stop, 
as Well as at the lower stop, to decelerate the 
plunger and prevent injury thereto. When the 
upper end of the tripping rod strikes the upper 
Stop, the inertia, of the plunger body carries the 
Sealing rings and tapered ribs upward relative to 
the expanders, contracting or decreasing the di 
ameter of the Sealing rings. When his diameter 
is decreased, the fiuid will not support the plunger, 
So it falls relatively freely through the tubing. 
As it falls through the tubing, the sealing rings, 
the tripping rod, and expanders are in the posi 
tion shown in Figure 2. 
In the embodiment of my invention shown in 

Figures 1 and 2 and described above, the sealing 
ring is installed on the body in a contracted posi 
tion; i. e., the ring without the application of an 
external force is normally Smalier than the tubing 
in which it is to operate. It is expanded by the 
frustro-conical expander as indicated. In some 
cases I have found it desirable to construct the 
Sealing ring So that in its normal position the 
diameter is equal to or greater than the maximum 
internal diameter of the tubing in which it is to 
Operate. This alternative design is illustrated in 
Figures 3 and 4. In the expanded position, as 
Shown in Figure 3, the condition during ascent of 
the plunger, no external force is applied to the 
Sealing ring; instead, a cage 2, consisting of a 
number of tapered levers 22, is attachad to trip. 
ping rod 4. These tapered members are adapted 
to contract the diameter of the sealing ring when 
the tripping rod is moved downward relative to 
the Sealing ring. That is, the tapered members, 
by moving downward relative to the links 23 at 
tached to the inner surface of the sealing rings, 
contract the Sealing rings, as shown in Figure 4. 
The operation of this embodiment is substan 

tially identical to the operation of the embodi 
Finent previously described. As in that embodi 
ment, the tripping rod is adapted to extend be 
yond the ends of the body and contact the 
upper and lower stops to reverse the plunger. 
When the tripping rod is in the raised position 
relative to the body, as indicated in Figure 3, the 
cams or tapered levers 22 are out of contact with 
links 23, and the sealing ring is free to expand 
or contract within the tubing. When the plunger 
reaches the Surface and the tripping rod strikes 
the upper stop (not shown), the tripping rod is 
driven downward relative to the body, forcing the 
tapered levers 22 down into links 23 and COin 
pressing Sealing ring 3 so that the pressure drop 
across the plunger is decreased, and the plunger 
falls relatively freely through the liquids and/or 
gases in the tubing. When the plunger reaches 
the bottom of the tubing, the tripping rod strikes 
the lower stop, forcing the tripping rod up relar. 
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tive to the body and withdrawing the tapered 
levers 22 from links 23, thereby allowing the seal 
ing ring to again expand. 
The plunger may be driven to the surface with 

formation gas or gas injected into the tubing 
below the plunger via the annulus between the 
tubing and casing. Warious means have been 
proposed for timing the injection of gas. For 
example, the gas may be injected in time cycles 
controlled by a clock mechanism at the surface; 
it may be injected by use of an intermitter valve 
actuated by liquid head in the tube; it may be 
injected by a bottom-hole valve actuated from 
the surface, or the like. This invention is there 
fore not limited by the method or apparatus used 
to inject gas, to shut off gas, or the like. Further 
more, various modifications of auxiliary appara 
tus proposed in this art, Such as tubing packers, 
formation packers, gas-lift valves, and the like, 
can be applied to my improved gas lift plunger 
without departing from the spirit of my inven 
tion. The invention should, therefore, not be 
construed to be limited by the above description, 
which is presented merely for the purpose of illus 
tration, but should be construed in light of the 
appended claims. 

I claim: 
1. A plunger having a plurality of hollow 

cylindrical members each having a vertically dis 
posed annular sidewall and an opening extending 
along the vertical axis thereof, said cylindrical 
members being vertically spaced to provide an 
annular space between adjacent cylindrical men 
bers and having the axial openings therein in 
alignment, a flexible metallic split ring member 
mounted in each annular space between adjacent 
cylindrical members and adapted for lateral 
movement inwardly and outwardly with respect 
to the vertical annular sidewalls of adjacent 
cylindrical members, a tripping rod mounted in 
said cylindrical members and extending through 
the axially aligned openings therein, Said rod 
being vertically movable with respect to Said cylin 
drical members, a plurality of cam means rigidly 
mounted on said tripping rod, one of Said can 
means being positioned in each annular Space 
between adjacent cylindrical members, and a 
laterally extending member mounted in each 
annular space and engaging each of Said Split 
rings and adapted to be engaged by Said can 
means, said tripping rod and Said Cam means 
mounted thereon being movable along the ver 
tical axis of said cylindrical members for causing 
engagement and, in turn, lateral movement of 
said laterally extending members and said split 
ring member with respect to the vertical annular 
sidewalls of adjacent cylindrical members. 

2. A plunger as set forth in claim 1 having a 
pair of vertically spaced cylindrical members pro 
viding an annular space between said pair of 
cylindrical members, a flexible metallic split ring 
member mounted in said annular Space and a can 
means rigidly mounted on said tripping rod and 
positioned in the annular space between said pair 
of cylindrical members. 

3. A plunger as set forth in claim 2 in which 
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Said cam means is a frustroconical member and 
the outside diameter of said flexible metallic split 
ring member is normally Substantially equal to 
the diameter of said cylindrical members and 
wherein Said split ring member is expanded 
beyond said annular sidewalls of adjacent cylin 
drical members when said tripping rod and said 
can means are displaced upWardly relative to 
said cylindrical members. 

4. A plunger for raising liquids on the power 
stroke from Wells with gas under pressure com 
prising a cylindrical body having a circumfer 
ential groove on the outer surface, a flexible 
metalic sealing ring disposed in said groove and 
adapted for expansion beyond the periphery of 
said cylindrical body, and a longitudinal trip rod 
including can means coupled to said Sealing ring 
to maintain said Sealing ring in a contracted 
position on the return stroke of Said plunger. 

5. A plunger for raising liquids through tubing 
having variable diameter comprising a body hav 
ing circumferential grooves Spaced along the 
outer Surface, flexible metallic Sealing rings dis 
posed in said grooves and adapted for expansion 
beyond the periphery of said body, a tripping rod 
disposed within and movable longitudinally rela 
tive to said body and cages containing a multi 
plicity of cams secured to and spaced along said 
tripping rod corresponding to the spacing of Said 
circumferential grooves on said body, Said cams 
being operatively connected to said Sealing rings 
and said cages and said cams being moved by said 
tripping rod to contract said sealing rings when 
said cages are displaced downward relative to Said 
body, whereby said sealing rings in the expanded 
position will conform to variations in the diameter 
of said tubing, and said sealing rings may be con 
tracted. 

6. A plunger for raising liquids on the power 
stroke from wells through tubing having variable 
diameter comprising a cylindrical body having at 
least one cylindrical groove in the Outer Surface, 
a flexible metallic sealing ring disposed in Said 
groove and adapted to expand beyond the periph 
ery of said cylindrical body and to contract as the 
diameter of said tubing contracts, and cams ex 
tending longitudinally of said body and coupled 
to said sealing ring to contract said sealing ring 
when said cams are moved downward relative to 
said ring and to maintain said Sealing ring in a 
contracted position on the return Stroke of Said 
plunger. 
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