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This invention relates, generally, to apparatus
for handling or lifting fluld and which can be
used to advantage in lifting fluid from wells, and
particularly from deep wells. ‘It is a general

object of our invention to provide an improved, 5

simplified, and highly efficient mechanism or
apparatus of the character referred to. .

In removing fluids from wells, or the like, it
has been common practice to employ pumps lo-

cated in the wells to be submerged in the fluids jp

therein, which pumps have been operated,
through strings of sucker rods by means of pump
jacks, or like mechanisms, located at the heads
of the wells. In such cases the pumps and pump

jacks have had no particular cooperative rela- 315

tionship except that the pump jacks serve to
reciprocate the rods which, in turn, in a gen-
-eral way, operate the plungers of the pumps,
which plungers handle fluid so long as they are.
reciprocated. Usually
equipment work satisfactorily. in shallow wells,
but their usefulness decreases rapidly as well
depths increase, and they are practically use-
less in deep wells. So-called gas lifts have been

used to remove fluids from deep wells.. How- o

ever, it has been customary, in employing gas
lifts, to treat the equipment employed as an ag-
gregation of well parts and surface operating
mechanisms and, as & result, such equipment has

not been generally satisfactory, but rather has 3¢

been wasteful of gas and undependable in action.

It is a general object of our present invention
to provide a unitary or composite apparatus for
lfting fluids from great depths, for instance

from deep wells, by means of pressure fluid or 35

high pressure gas, and which involves a definite
cooperative relationship between the parts lo-

cated in the well and those operating at the head -
of the well, to the end that we obtain high oper-
ative efficiency, or effective conservation of the 40

power medium, and also improved well produc-
tion. : .

The mechanism or apparatus that we have pro-
vided by our present invention involves a pres-

sure fluid displacement type working unit to be 45

located in a well, of the like, to be immersed in
the fluid therein, a gas control at or in the said
unit for controlling the pressure fluid or actu-
ating gas, inner and outer strings of tubing ex-

tending into the well to handle the weil liquids 50

and to operate the said unit and gas control, &
fluid pressure operated actuating means at the
top of the well for operating the flow string or
tubing conducting fluids from the well, and & con-

51 Claims. (CL 103—231)

such - aggregations of g9

l 2 ‘ :

gas control through the flow string so that the
action of the equipment in the well is directly
coordinated with that of the surface equipment
so the entire pumping operation is carried out
smoothly, without shock, and in a highly efficient
manner. With the apparatus that we have-pro-
vided the fluid issues from the well in a substan-
tially steady stream and not intermittently or in
slugs, as is the case when using most “gas lifts” or
methods employing pressure fluid as an actuat-
ing medium. In carrying out the broader prin-
ciples of our invention we may employ various
mediums or fluids under pressure, which we wiil

“term “pressure fluld” as the working medium;

however, in practice and particularly when lift-
ing fluids from deep wells, we employ gas at high

_pressures as the working medium and, there-

fore, it may be said that the invention relates to
that general class commonly referred to as gas
1ifts.

So-called gas lifts that have been proposed for

"handling well fluids have been used with limited

success. in a few limited situations. Gas lifts
generally involve complicated or delicate valves,
or intricate controls which give considerable diffi-
culty under actual working conditions, and, in
most cases where they work at all, they are very
inefficient or wasteful of gas. We recognize that
various pump actuating mechanisms  also have
been provided and ‘used for working or handling
pumps of various kinds, such mechanisms being
known, generally, as pump jacks. Such mecha-
nisms are merely reciprocators designed to stroke:

. or reciprocate g string of sucker rods -or tubing

to work a pump plunger, and as & general rule
any pump jack will operate any well pump with-
in its limited range of use. =

We have found that a working mechanism in
a well handling pressure fluid has certain highly
advantageous -features. For instance, ‘it may -
have very few simple, dependable parts, and it.is
practical to manufacture. However, such struc-
tures have certain peculiarities which make them
more or less ineficient when operated by the.con-
ventional type of pump jack. - With the simple
gas displacement type device when the gas is
introduced into the displacement unit in the well
to displace well fluid therefrom there is a very
marked and sudden release of pressure from the
operating string of tubing through which the flow
is handled and the pump is operated. The sud-
den change of pressure occurring when the gas
is introduced into the displacement unit results

- in a shock upon the operating string and this

trol for the actuating means connected with the 85 shock is communicated to the operating mecha-




nism. Further, sudden stopping of the actust-

ing mechanism at the top of the well at the ends’

of its stroke also causes shocks that are com-
municated to theé operating string in the well.

" The shocks imparted to the operating string
present very serious operating problems that are

.not satisfactorily met by the ordinary operating -

mechanisms or pump jacks because they are not
related to the well parts to be under immediate
control thereof. Excessive strains or shocks on
operating strings, even in shallow wells, are unde-
sirable, but when they occur in very long strings
they are very dangerous. Failure of a long
string of tubing may be very costly, in fact, it
may permanently injure the well.
‘We have found that for practical and highly
" efficient operation of a pressure fluid apparatus
" it is not merely a matter of having an operating
mechanism or pump jack that will reciprocate the
flow handling string without shock, but that when

9,416,859
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the pump is working at substantial depths it is -

necessary to employ a density control regulator
at the unit in the well, and further, that for

.. high efficiency the actuating mechanism must be
directly coordinated with the gas control and
the displacement units located in the well.

The operation of a mechanism deep in a well,
and particularly the operation of a mechanism
involving reciprocating parts and utilizing gas
.pressure in the course of operation, involves sev-
‘eral serious problems, one of which is the main-

25

30

tenance of the proper relationship between the

parts under varying conditions. In the case of
a mechanism utilizing gas under pressure to dis-
place fluid at the bottom of the well and having

a reciprocating valve controlling the gas and op-

erated by -a mechanism at the top of the well,
‘there is comimonly a working or movement of the

pump element intended to be stationary due to

stretch, changing pressures or loads, and changes
in temperature. Checking of the movement of
the element intended to be stationary is bene-
-ficial but is nof alone a fully practical solution.

Gas used for operation in most cases varies widely
in temperature, as for instance, between day and
night, or under varying fleld conditions, so if
the one element of the. well mechanism or unit
is fixed at its upper end only then expansion or
contraction of the other element, which is free
 t0 move, may cause it to move so that the rela-
tionship of parts is seriously disturbed.

It is an object of this invention to provide
a:deep well mechanism or unit utilizing high pres-
sure.-gas to displace well fluid at the bottom of
the well, and in which the so-called fixed or sta-
tionary element of the unit is anchored or fixed
at a point deep in the well so that it is practically
free from movement and thus establishes a posi-
tion from or with relation to which the other
parts, including the actuating unit at the top of
the well, can be set'and operated. By our present
invention we eliminate the disadvantages of hav-
" Ing the entire well unit or mechanism subject to
.-working or shifting in the well and we make pos-
sible features that will be hereinafter set forth.

40
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variations that would otherwise complicate and

materially detract from the action of the ap-

paratus.

A general object of our present invention is to
provide a combined or coordinated -assembly of
elements including a pressure fluid displacement
‘unit located in the well itself, a liquid operated

_pump actuator located at the head of the well,

and a control system for the actuator directly co-
ordinated with the action of the displacement

unit itself. We effect the desired coordination

through the operating string which is also em-

ployed to conduct fluid from the well.

" Another object of our invention is to provide a

highly efficient and practical combination of pres-

sure fluid displacement well unit operated by a

' tubular flow string, a fluid pressure actuated

pump operator at the top of the well energized
by gas under pressure, and means in the flow
string controlling the specific gravity of the fluid
being lifted, all in & closed circuit so that there
is no waste of gas or back pressure on the well -
formation. . .

Another object of our invention is to provide
for effective and dependable lubrication from the
top of the well of working paris of the mechanism
in the well. In practice gas usually available for
use in apparatus such as we provide is dry gas,
and regardless of the gas being used the valve
surfaces in the well are blown or wiped clean and
dry at each stroke of the actuating piston. Need
of lubrication is particularly important in an ar-
rangement or structure such as we have provided,

- which is, in effect, a closed circuit. We have
5.-overcome the difficulty referred to by providing

for thorough and continuous lubrication of the
working parts by apparatus at the top of the
well where it can be easily and conveniently serv-
iced. In the preferred form of the invention the
lubrication is ‘synchronized with the action of the
entire apparatus so that continuous and adequate
lubrication is assured whenever the apparatus

. is operating.

Another object of our invention is to provide
a safety control in connection with the supply
of actuating fluid for the unit at the top of the -
well, which fluid is held under pressure by gas,

' s0 that gas cannot reach the unit to cause oper-

ation that might cause injury to the parts or
equipment connected thereto. If gas should get
into the actuating unit it might cause serious

- injury to either or both of the tubings employed

in carrying the parts that are located in the well.
By our invention we provide a control in con-
nection with the accumulator provided as an ele-
ment of the apparatus so that flow is cut off when
the level of liquid in the accumulator drops be-
low a predetermined point. . :

Another object of our present invention is to
provide a cushioning means in the actuating unit.
at the top of the well to eliminate shock or ham-

. mer at the surface parts and, more important, to

65

Another object of our invention is to. provide °

an assembly including a displacement unit of the

‘general character referred to having an anchored .

stationary element that cannot move and an ac-
tuating unit at the top of the well with a range
of action or freedom of movement which com-
pensates for variations which are at a maximum
because the stationary element is fixed. By pro-
viding for overtravel or over-stroking of the ac-
‘tuating unit we are able to absorb or neutralize

70

eliminate shock of the Inner tubing that carries
the reciprocating parts in the well. By our pres- |
ent invention we provide means in the actuating -
unit utilizing fluid supplied to operate the unit

- as’a medium for checking the movement of the

reciprocating parts at the lower end of the stroke:
50 that hammer or sudden jar is eliminated. i
Another object of the invention is to provide

© & unit at the top of the well combining an actu-

76

ating mechanism and a flow connection and pro-
vision for adjustment of the mechanism bodily to
synchronize ‘it to the parts in the well so that
the flow connection is not disturbed and needs
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nc. special attention when the unit is adjusted.
In accordance with the preferred form of our in-
vention the flow line has a section arranged co-
axially with the actuating unit or mechanism and
that section has a slip joint which operates when
the actuating unit is adjusted.

- Another object of the invention is to provide
apparatus such as we have referred to in which
there is a stop in a fixed. position in the sta-
tionary element of the displacement unit in the
well to be engaged by the movable element. The

stop is in a deflnite known spaced relation to

the gas control at thé displacement unit, so that
an operator can by adjusting or manipulating
the actuating unit at the top of the well easily
and accurately set the parts so that the working
parts of the gas control are in proper working re-
lationship.

It is a general object of our present invention
to provide g fluid lifting apparatus of the general
character referred to wherein the parts located
in the well are characterized by apparatus for
effecting displacement of the well fluid by means

10

16

20

of high pressure gas under control of a valve .

and by a density control device in conjunction

with the parts just named, which operates to in--

troduce gas into the displaced fluid to lower. its
specific gravity and to keep its specific. gravity

down to a roint where the operating medium or -

hikh pressure gas will effectively operate to dis-.

place the well fluid. up through the discharge
string provided for counducting the well fluid to
the surface.

It is another object of our invention to provide
apparatus of the general character referred to
wherein the parts or equipment located in the
well establish what we will term a closed system
keeping the high pressure operating gas entirely
away from the well or earth formation, so that
no back pressure is built up or established in
the well, but rather the well is allowed to flow
naturally or freely and thus to produce in a most
efficient manner,

In well apparatus of the general character

that we have referred to, and where there is an
inner tubing.through which .the well fluid is
flowed out of the well and an outer tubing through
which gas under pressure is introduced into the
well to the bottom or lower regions thereof, to
effect displacement of the well fluid, initiation of
operation may be impossible if there is a substan-
tial level of liquid standing in the inner tubing.

It is a general object of our present invention

to provide for the removal of liquid from the

inner tubing in order to initiate operation of
the apparatus.
or more devices which we will term unloading
valves in the inner tubing. The unloading valve,
or valves, as the case may be, operates so that
high pressure introduced into the inner tubing
or flow string from the top of.the well, for in-
stance gas under high pressure, drives fluid from
the inner tubing into-the outer tubing and thus
clears the inner tubing so that the apparatus will
function properly when the high pressure is taken
off of the inner tubing and high pressure gas is
"introduced into the outer tubing.

There are numerous other objects and features
of our invention that will be apparent and fuily
understood from the following detailed descrip-
tion of a typical preferred form and applica-

tion of the invention, throughout which descrip- -

tion reference is made to the accompanying draw-
ings, in which:
Fig. 1 is a diagrammatic or schematic illustra-

By our invention we provide one -

30
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: 8
tion of the general apparatus of the present in-
vention showing a form of the invention wherein
high pressure gas from g suitable source is utilized
as the prime mover for the entire operation, the
parts which occur in the well being shown broken
and arranged side by side rather than in line,
as they actually occur. Fig. 2 is an enlarged ver-
tical detailed sectional view of the actuating unit
provided by our invention for operation at the
head of the well to reciprocate the flow string
which extends into the well to actuate the gas
control at the displacement unit. Fig. 3 Is an
enlarged longitudinal detailed sectional view of
the three-way pilot valve employed in the control
system, being the element of the control system
coupling the reciprocating element operating in
the well with the working part of the control sys-
tem of the actuating unit. Fig. 4 is an enlarged,
detailed, sectional view of the density control
regulator employed at the mechanism in the well
or at the lower end of the operating string which
conducts the well fluid from the displacement
unit at the bottom -of the well to the surface of

_the well. Fig. 5 is an enlarged, detailed, sectional

view of one of the unloader: valves that may be
used in the operating. string for starting the
operation. Fig. 6 is an enlarged, longitudinal,
detailed, sectional view of parts in the well, show-

ing in particular the general location or applica-
tion of the density control regulator and also the
gas control provided for the displacement. unit
and showing the upper end portion of the dis-
placement unit itself. Fig, 7 is a view similar to
Fig. 6 showing the lower end portion of the dis-
placement unit, . Fig. 8 is a detailed transverse
sectional view taken as indicated by line 8—8
on Pig. 6. Fig. 9 is a longitudinal, detailed, trans-
verse sectional view of the top valve of the dis-
placement unit. Fig. 10 is a detailed, transverse,
sectional view taken. as indicated by line 10—10
on Fig. 9. Fig. 11 is a vertical detailed sectional
view of the bottom valve employed in the dis-
placement unit showing also the stop provided in
the stationary element of the displacement unit.
Pig. 12 is a transverse, sectional view taken on

.line 12—12 of Fig. 11, Fig. 13 is a vertical, de-

tailed, sectional view of the vent valve provided
in the displacement unit. Fig, 14 is a view show-
ing the manner in which the stationary tube is
anchored in the well, Fig. 15 is a diagrammatic
view illustrating the intermitter and its rela-
tionship to the inlet and exhaust valves.

The apparatus that we have provided by our
present invention is useful, generally, for lift'ng
fluid and it is particularly useful in lifting fiuid
from deep oil wells. The apparatus can be op-~

© erated in sirgle units, that is, on a single or in-

60

0

75

dividual well, or a number of units can be com-
bined so that they operate in a system or circuit’
using a single source of pressure fluid, preferably
gos.- For purpose of example we will describe a
single or individual unit, it being understood that
we do not thereby wish to limit- ourselves to use
of the invention in this particular manner.

be carried out in connection with wells of vari-
ous constructions or under varying fleld -condi-
tions, in which case variations will be made to-
meet the conditions encountered: In the draw-
ings we illustrate a typical or simple well ar-
rangement and we show the apparatus employed
by our invention in connection with a simple cased
well such as is commonly encountered in practice.

In the drawings, and in particular in Fig. 1
of the drawings, we show a well bore W carry-

it
5 is also to be understood that the invention can
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lng a.common form of well casing (0. The cas-'
ing extends downwardly into the well W from &
suitable casing head {1 provided at the surface

or top of the well. The casing is provided, op-
_posite the oil bearing strata, with a perforated
section or liner 108, which admits well fluid into
the well or casing so that it is available to be
removed by the apparatus that we have pro-
vided.

The casing head {1 provided at the upper end
of the well is joined to the upper end of the cas-
ing 10.and is such as to provide & landing for
‘other elements such as the outer tuking -and
other parts that will be hereinafter described.
In the preferred form of the invention we em-
ploy the casing head of the well as a base or
mounting for our actuating unit. When thus em-
ploying the casing head of the well we employ

10

15

- form of head that is adaptable to take the nip- -

ple of a landing flange 12, The flange 12 car-
ries flange 471% of the cylinder D and supports
the adjusting posts and passes the piston rod, all
as will appear from the following description.

'In carrying out our invention we equip the
well, that is, the cased well that we have just

-described, with a fixed or outer tubing 3. The’

tubing I3 is landed in the head Il to depend
therefrom downwardly through the casing 10 and
it extends down in the casing to the bottom of
the well or to the point where the fluid is to be
taken from the well, which point will be referred
to as the bottom of the well, although in some
cases this may not be literally true.

. Our present invention provides, in combination

with the parts or elements hereinabove described,
& working string or tube that we will term the
flow string (6, a displacement unit A, a gas con-
trol B at the unit A for controlling the actuating
fmid, or high pressure gas, a density control regu-
lator C immediately above the displacement unit
connecting the space between.the flow string 18

and tubing 13 wi‘l;h the interior of the flow string

16, one or more unloading valves G in said flow

20

8 .

The displacement unit A is carried at the de-
sireqd location in the well or within the well casing
10 by means of the tubing 13 and the flow string
16, the connection between these elements and
the displacement unit being made through the gas .

.control B. In accordance with our invention the -

displacement unit A utilizes pressure fluid, pref- .
erably high pressure gas introduced through the
annulus |7 under control of the gas control B, so
that it displaces well fluid that has entered the
unit. It may be said that the displacement unit

" operates to move or displace the well fluid by

pneumatic action, the word “pneumatie’” in such:
case being used broadly enough to include nof
only air but also gas. It is to be understood that

in carrying out some phases of our invention &

medium other than gas may be used; for instance

. there may be cases where a liquid ean be used.

Because of this we do not use the terms “gas”

"or ““pneumatic” in a limited-sense but broadly,

and we mean to include liquids where they are
usable within the scope of our invention.
The fixed tubing 13 is an elongate tubular ele-

- ment or string of tubing such as is commonly

25
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strmg an actuating unit D at the head of the -

well for working the flow string so it operates the
gas control, and a control system E for operating
and controllmg the actuating unit.

. The flow string 18 serves as the conduit or pipe ‘

for conducting the fluid from the unit A to the
‘surface or head of the well, and also as the means
for actua,ting the control B. THe fluid that is
thus handled is a mixture of well fluid and ac-
thating gas., .In practice the flow string 6 is a
string of tubmg, or the like, of the type known in
the art as “macaroni.”
" iThe flow string 16 is smaller in. diameter than
the tubing 13 so that there is an annular space

45

50

employed in wells when they are to be pumped.

The upper end of the fixed tubing 13 is sealed
in the head !l by a suitable packer, or the like,

so that the upper end of the annular space or

chamber 15 provided between the casing 10 and

the tubing 13 is sealed off or closed. The tibing .
I3 extends downwardly into the fluid to be

pumped from the well and at that point, which is

near. the bottom of the well, it carries the outer

or fixed elements of the gas contro] and displace- -
ment units that we will hereinafter describe.

In the ordinary well installation where well
pumps are employed the depths are not so great
that shrinkage and.expansion or stretch of the
principal elements involved cause any serious dif-
ficulties, However, in the case of very deep wells,

for instance under operating conditions such as

we-will hereinafter refer to, shrinkage and expan-
sion, stretch and the pressures involved, generally,

- have a very marked influence upon the equipment

or apparatus used. In accordance with our in- .
vention to avoid difficulties due to conditions such

as we have just referred to, we anchor the parts
at the bottom of the well that are required to be
stationary or fixed. We may in some instances
anchor those parts, for instance, parts of the con-

trol B, or of the d1spla.cement unit, directly, as by . -

anchonng them in the well casing or liner 10.
However, in practice it is advantageous to anchor

. or. fix the parts for practical purposes by an-

55

‘or annulus 17 left between these elements, this -

being the space through which the actuating fluid
or high pressure gas flows in passing from the
head of the well {o the control B, - ,

In accordance with the arrangement that we
have provided the flow string extends from or
through the actuating ‘unit. D down through the
head 1 to the gas control B where it carries
the ihner or working element of the gas control
which element is in the nature of a plunger valve.
The flow string 16 is in communication with the
outlet of the unit A through the tubular inner
element. or plunger valve of the gas control B,
. and it serves to conduct the fluid from the well
-up through the tubular piston rod of the actuat-
ing unit D which in turn connects with the de-
livery line 55 tha.t carries the fluid mixture from
the well.

80
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;:hor:;ag the lower end portion of the outer tub-
ng

In an ordinary well installation the liner on the
lower end. of the well casing may extend several
hundred feet up from the bottom of the well. In
fact, it is not uncommon that it may be a thou-
sand feet long, or more. We prefer to anchor the
tubing 13 at a point in the casing 10 proper rather
than in the liner that may extend down from
the casing and, therefore, as we have shown in
the drawings, we provide an anchor H for the

" lower end portion of the tubing 13 at a point -

well above its actual lower end and, preferably, :
at-a point to come within the well casing 10 and
not within the liner on the lower end of the well
casing,

In practice we may employ any suitable an-
choring device so long as it effectively holds the
lower end portion of the tubing 13 and does not
obstruct the passage of formation gas or exhaust -

gas through the annulus l1 from the casing (0
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to the parts a.t the bottom of the well. In the
drawings in Fig. 14 we show a typical simple an-
choring device involving spaced wedge projections
200 on the exterior of the tubing 13 and wedge
parts or slips 201 cooperating with the projec-

tions. The slips and projections operate so that

when the slips are set, as shown in the drawings,
downward movement or pressure cn the tubing (3
wedges the slips out Into gripping engagement
with the interior of the casing 10. The slips are
suitably connected to & tail plece or control mech-
anism 202 so that by suitable manipulation they

can be released for cooperation with the projec-
tions 200. In devices of this kind the control. .

mechanism 202 is usually such that the slips are
held down or away from the projections 200 while
the mechanism is being run into the casing 108 and
when the device has reached the desired point in
the casing 10 the control 282 is released by ma-
nipulation of the string- being anchored to re-
lease the slips so that they can be set.

With & securing device such as we have just'

described the lower end portion of the tubing
13 is suspended from the securing device, there
being enough tubing 13 below the securing device
to maintain the device properly seated or engaged
in the casing 10. The major portion of the tubing
" {8 or the length of the tubing 13 above the secur-
ing device H may be set so that it is held at the
head {1 but hangs in the casing 10 rather than
being supported from the device H.- In a prac-
tical installation employing an anchoring or se-
curing device H such as we have described, there
may be a substantial length of tubing 13 below
the device H, but this will not be so long as to
introduce any serious difficulties into the appara-
tus but rather will, for all intents and purposes,
be such as to carry the stationary parts of the
control B and displacement unit A so that they
are practically rigid or stationary at the desired
location in the well.

In practice we prefer to employ a simple, highly
eficient form of displacement unit A and have
found that a mechanism such as we have shown
in our Patent No. 2,318,029, issued May 4, 1943,
is highly desirable in carrying out our present in-
vention. This particular type of mechanism, be-
ing that illustrated in the drawings, involves, gen-
erally, a fixed body or barrel 18, a reciprocating
tubular shell forming a flow tube 19 which oper-
ates within the barrel 18 and through which the
well fluid passes to flow into the flow string 16,
8 foot or lower valve 20 at the lower end of the
barrel 18, a working or upper valve 21 at the up-
per end of the flow tube 19, a vent valve or valves
22 in the flow tube immediately below the upper
. valve 21, and various other parts incidental to
those referred to.

The fixed barrel (9 is provided primarily to
form a displacement chamber 23. In the pre-
ferred arrangement the barrel 18 is fixed to the
lower end. of the outer or fixed element of the
gas control B to depend downwardly therefrom.

The lower valve 20 acts like a standing or foot
valve and may be of the conventional ball type
found in well pumps, and may be applied to the
lower end of the barrel 18 by a threaded connec-
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19 15 attached to the lower end of the plunger or
inner element of the gas control B through the
upper valve 21, the said element of the control
B being secured to the lower end of the flow sting
8. - The tube (9 extends downwardly from the
working valve 21 to divide the chamber 23 formed
by the barrel 18 into an outer displacement
chamber X and an inner displacement chamber
and flow passage Y.

The upper valve 21 acts as a working valve and
may be an ordinary ball type valve such as is com-
monly employed in well pumps. Valve 21 is ar-
ranged to pass well fluid upwardly from the tube

~ 19 into or through the inner element of the con-

trol B to enter and flow up through the flow string
i8. In the particular form of construction illus-
trated the cage or body of the valve 21 serves as

- 8 coupling joining the inner element of the con-

trol B with the upper end of the tube 189.
The vent valve or valves 22 which we provide
are check valves located at the upper end of the

"~ tube 19 and immediately below the upper valve
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In the drarings we have shown one valve
22 in the upper end portion of the tube {9 (see
PFigs. 6 and 13). Valve 22 connects the interior
of the tube {9, in other words, the inner chamber
or flow passage Y, with the displacement chamber
X around the tube 19, and acts to allow gas that
may be trapped in or which may accumulate in
the chamber Y to flow out of the chamber Y into
the chamber X and out to the casing through gas
control valves and exhaust ports 33, as well fluid
flows into the passage Y from its lower end dur-
ing the filling cycle of the mechanism.

The gas control B, which is essentially a valve
mechanism, is located immediately above the dis-
placement unit A and serves as a coupling or
means for connecting the displacement unit with

. the tubing (3 and flow string 16. The gas con-
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trol is, preferably, a slide valve serving to con-
trol the flow of gas from annulus {7 to the cham-~
ber X during one cycle and to exhaust spent gas
from the chamber X to the well externally of the
fixed tubing 13 during the other cycle, when the
valve is closed. In its preferred form the gas con-
trol involves two simple parts, an outer fixed part
in the form of a case or barrel 30, and an inner re-
gi'procating part in the form of a core or plunger

The barrel 30 of the gas control is an elongate

- cylindrical member or element threaded at its
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upper end for connection with the lower end .of
the tubing 13 and threaded at its lower end for
connection with the upper end of the pump bar-
rel §8. The barrel 38 has a straight cylindrical
central bore 32 and gas exhaust ports 33 are.pro-
vided laterally through it at a point intermediate
its ends.

The core or plunger 3{ is an elongate cylin-
drical member or element designed to be recipro-

. cated in the bore 382 of the barrel 30. The plunger

65

tion. In the preferred arrangement we provide -

a suitable strainer 24, or the like, below the lower

valve, and in practice we may employ any suit-

able device or attachment at this point as well
- conditions may dictate.

The flow tube 18 is a reciprocating element and

. i3 operated by means of the reciprocating flow

string 16. In the preferred arrangement the tube

70.
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is threaded at its upper end for connection with-
the lower end of the density control section of
the flow string 16-and is threaded at its lower end
to receive or make connection with the upper
valve 21. The exterior of the plunger 31 is turned
and finished to slidably fit the bore 32 of the
barrel and, in accordance with the preferred
construction, an annular recess 34 is provided
around the plunger at a point intermediate its
ends, and a plurality of longitudinally disposed,
ports 35 are provided in the plunger joining the

" recess 34 with the upper end of the displacement

chamber X of the displacement unit. The parts
are proportioned and related so that the. flow .
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line 6 can be removed carrying with 1t the
plunger 3f and the tube (9 that normally ex-
tends into the displacement chamber X.

When the flow string {6 is at the I.wver end of
its stroke the tube 9 is in .its lowermost posi-
tion and plunger 31 of the control B is located
entirely within the barrel 36. - When the parts

are in-this position the recess 34 of the plunger’
is in communication with the exhaust ports 33 of-
the barrel so that gas remaining in the chamber:

X and any gas expelled from the passage Y In
the tube (9 through the vent valve or valves 22

- is free to escape up through the.ports 35 fo the

recess -34 and out through ports 33 into the well
externally of the fixed tubing 13. At the same

time fluid begins to flow into the chamber 23

past the lower valve 20. As the flow string I8 is
elevated or moved upwardly the upper valve 21
remains closed and well fluids continue to flow
into the chamber 23, When the fiow string
reaches the upper end of its stroke, or when the
gas control plunger 31 approaches the upper end

of its stroke, the edge . or wall defining the upper
“end of fhe recess 34 in the plunger 31 passes

above or beyond the upper end of the bore 32 so

. that the recess 34 is in open communication with

the annulus 11. By the time the parts reach the
position just described the lower end portion .of

‘the plunger 31{ covers the exhaust ports 33 so that

high pressure gas from annulus 17 will not escape
through the ports 33.
-As.soon as the recess 34 opens into communi-

cation with annulus (7 there is a sudden change
of pressures gt or in the chamber 23 with the re-
sult that gas from annulus 17 immediately exerts.

pressure on the fluid in the chamber 23 or, more
specifically, on the fluid in the displacement
chamber X. The flow of gas or the communica-
tion of gas pressure is through the recess 34 and
the ports 35. The actuating gas under high
pressure is introduced through the head {1 into
the tubing 13 so that it acts on the fluid in the
displacement ‘chamber to . displace fluid up
through the tube passage Y past the upper valve
21 so that it flows up through the plunger 31 and

! into and out through the flow string 16.

In accordance with our invention we provide

means whereby the operator can easily establish
. the proper cooperative relationship between the
. plunger-31-and the barrel 30. From the forego-

ing description it will be apparent that the bar-

- rel 30 is, for practical purposes, fixed or station-

. ary whereas the plunger which cooperates with -

the barrel is carried on the lower end of the flow

1. string 16 which reciprocates. It will be apparent
‘ that for proper action of the control which in-
| volves the barrel and plunger the plunger must

be operated or reciprocated in the proper man-

. ner relative to the barrel and so that it is main-
- tained in the proper position relative to the

barrel.
In practice the flow tube 9 of the displace-
ment unit is -of considerable length and the bar-

¢ rel (8 which surrounds the flow tube to form the
i displacement chamber 23 has to be of greater
- length so that it supports the lower valve 20 at a
' point a safe distance below the lowermost point of
. travel of the flow tube 18 during normal opera-

tion of the apparatus. . The means which we pro-
vide for positionmg the plunger 31 in the barrel
30 involves a stop 60® fixed in the barrel 18 at g,

' point a known distance below the lower end of

the flow tube when it is at the lower end of its °
For purpose of example, in prac-

normal travel.

tiee we may locate the ﬁxeds-top 60%, wl_lich is
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formed by crossed plates fixed in the barrel {8, a
known distance, say for instance, five feet below
the lower end of the tube (9 when the tube is
at its lowermost point during normal operation

~of the apparatus.

'To set the plunger 31 in the proper position
relative to the barrel the operator lowers the
entire reciprocating unit, that is, the operating
string 16 with its connected parts, until the low-
er end of the tube 19 strikes the fixed stop 60*.
He then knows that the plunger will be properly
positioned at the lower end of its stroke when the-

‘operating string is lifted the said known distance,

namely five feet. :
The density control regulator C is provided .
immediately above the plunger 3(.of control B,
Regulator C may be connected between the con-
trol plunger 3! and string 16, or it may be in-
serted in the lower end portion of flow string (6.
The regulator C serves to regulate or vary the
density or specific gravity of the column flowing
out through the flow string 6. The regulator -
bleeds gas under pressure from annulus {7 into
the flow string 16 so that the gas, in effect, -
aerates the column of well fluid in the flow string
and lightens it by displacement. As the high
pressure gas enters the tube 16 it foams up and
thus assists in including upward flow in the flow

" string. The regulator is a positively controlled

30.
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‘element so- that it does not constantly bleed gas

into the flow string but only admits gas to the
flow string 16 when the pressure differential
condition due to increased density of the body in
the flow string 16 and annulus 17 is such as to.
make it desirable that gas be admitted to the

- flow string.

In the preferred c¢onstruction the density con-
trol regulator is an insert applied to or inserted

in a part such as the lower end portion of the

string 16. In the form shown the regulator in-
cludes a valve body 40 with a vertically arranged
opening entering the flow string {6 and having a.
downwardly facing seat 41. ' Gas supply ports 42
extend from the exterior of the flow string .16
or from annulus {7 to the interior of the body. 40.
The ports 42 are 'shown provided in couplers 42+
which mount the body 40 in the tube 8. A valve
proper operates within the body 40 and includes

" & stem 43 having 2 head 44 to cooperate with
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the seat 41. A spring 45 is provided in connec- -
tion with the stem 43 so that it normally tends.
to open the valve. The spring 45 acts between a
shoulder 45° in the body 40 and a plunger 45" on
the lower end portion of the stem 43 to normally
vieldingly urge the stem down. The plunger 45b
operates in a bore 45¢ provided in the body 40
and a port 454 connects the lower end _portion of
the bore 45 with the annulus 17 so that the
bressure prevailing in the annulus acts on the
lower end.of the plunger 45 and normally tends
to move the stem 43 upwardly. Ports 45 and 48"
admit pressure from the flow string to the upper
side of the plunger 45%. - The opening-in the body
which carries the stem 43 opens up into the tube
18 at the upper end of body 40 and the seat &1
is preferably an insert. applied to the upper end
of the body opening. .

The area of the upper end of the piston 4Bb
plus the area of the valve head 44 at the seat
41, when the valve is closed, equals the ares of
the lower end of the piston in the bore 45¢, Pres-
sure from the annulus 17 acts on the lower side
of the-piston while pressure from the inside of )

-the flow string admitted through ports #5% and

457 acts on the top of the piston and, together ,
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with the pressure acting on the valve head 4
and that exerted by the spring 45 normally tends
to open the valve against the resistance of the

-pressure acting on the lower end of the piston.
During operation the pressure in the flow line
must be maintained so that it is less than that
in the annulus, and the differentlal necessary
depends upon the length of the displacement
chamber. - We have found that in the case of

apparatus having a displacement chamber about

600 feet long it is practical to proportion the

parts-of the unit just described so that the valve

opens at & differential of about 300 pounds pres-
sure per square inch. Assuming operating con-
ditions where the pressure in the flow string is
below that in the annulus but the differential is
less than 300 pounds, the valve remains open,
but when the differential increases until it
reaches about 300 pounds then the valve closes.
When the valve opens gas from the annulus 17
enters the string #6 to lighten the body of ma-
terial therein and ‘thus supplement the action
tending to flow the fluid up in the string 6.

It will be apparent from the foregoing descrip-
tion that the action of the density control regu-
lator is entirely automatic. ‘When, properly de-
signed and proportioned it opens at a predeter-
mined differential between the pressure in the
annulus and the load or weight within the string
16 and effectively feeds gas into the string 16 to
keep the column of fluid flowing up and to keep
the. column of fluid :mixture light so that, in
practice, a substantially uniform flow or dis-

. charge of fluid is obtained at the upper end of

the flow string 6, even though the column is
started up in impulses from the displacement
unit.

If an attempt is made to initiate operation of
the apparatus when the flow string 16 is full of
fluid or has a substantial body of fluid standing
in it, the head pressure exerted by such fluid may
be sufficient to prevent operation. In accordance
with our invention we provide means for un-
loading the flow string 16 of excessive fluid to
bring the level of liquid in the tube 16 down to a
point where pressure, conditions permit opera-
tion. It is to be understood, of course, that when
operation has once started and the density con-
trol regulator is functioning in conjunction with
the displacement unit the operation will continue
and this is true even though the flow string 16
is full, as it must be for fluid to reach the top
of the well. :

In the preferred
vide one or more unloading valves G in the string
6. YFor purpose of example we will refer to a

. form of the invention where one unloading valve
is empleyed. The unloading valve is located in
the string at or somewhat below the point in the
string at which liquid may be standing without
impairing initiation of operation of the appa-
ratus. In any particular case the exact location
of the unloading valve G will be determined by
the well conditions and the pressure factors in-
volved. = - i )

In the form of construction illustrated the un-
loading valve G is located at a suitable point in
the tubing (6 which may be well above the lower
end of the tubing 16 as indicated in-the diagram-
matic illustration; Fig. 1. In construction the

. unloading valve may be such as we have shown

in Fig. 5. In this illustration we show the un-
loading valve as including a body $0* arranged
in the tubing 6. The body 50% has a longi-
tudinal opening 50° formed in it. The opening

8
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$0b is closed at the upper end of the body by a
plug 50c and has a valve seal 509 threaded into
its lower end, the valve seat having a port 50
which opens into. the Interior of the tubing (8.
The opening 50° in the body has an enlarged
upper end portion 50%. A valve seat 507 is formed
where the enlargement of the body opening oc-
curs. Ball valves 508 and 50! cooperate with the
seats 509 and 508, respectively, and close down-

o Wardly. The body 508 is held in the tubing 18 by

couplers 50). The uppermost coupler §0! has a -
_port 50¢ through it which communicates with

- the enlarged opening 50f in the body.
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form of the invention we pro- -
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“With the construction above described there
‘is a passage from the interior of the ‘tubing 16 to
the exterior thereof through the port 50¢ of valve
.50, body opening 50°, enlarged body opening 80,
and the port 50% in the coupler §0). The valves
50> and 50! are so located as to be in series in this
fluid passage and to normally seat downwardly.
Under normal working conditions there is a
higher pressure at the exterior of the tubing 186.
than there is at the interior thereof, and there-
fore, the valves 50t and 50! are normally closed
or held on their seats and since they are in se-
ries they supplement each other and positively
‘close the passage against leakage. ' '

“When it is desired to unload the tube 16 of fluid
down to the point where the unloading valve G
is located a high pressure is established in the
tubing 6 from its upper end or, in other words,
a pressure differential is established between the
’interior and exterior of the tubing 16 so that the
pressure in the tubing {6 is greater than that
outside the tubing 16, with the result that fluid .
in the tubing 16 will be discharged out through
the unloading valve past the ball valves of that
unit into the annulus 11, or that is, into the.
space between the inner and outer tubings.
When the level of liquid in the tubing 16 has been
lowered through this operation to the desired
point or to the level of the unloading valve, the
apparatus is conditioned to start operation and
will start to operate when the pressure differ-
ential condition is reversed so that high pres-
-sure exists at the exterior of the tubing causing
the unloading valve to close.

The actuating mechanism D that we have pro--
vided is primarily a cylinder and piston mecha- -
‘nism mounted on the landing flange and nipple
above the head Il of the well.
form this mechanism includes, generally, a. sup-
porting flange 47* and a cylinder 46 provided
with a lower head 47 and an upper head 48. A
piston rod 49 extends through the cylinder 46 and
both heads of the cylinder and also flange 47T,
and a piston 50 is fixed on the rod 49 to operate
in the cylinder 46.

In the preferred arrangement rods 5f are pro-
vided for tying the cylinder and heads together
and for mounting the cylinder mechanism or unit
on the flange 41* which is supported on the land-
ing flange §2. The rods have threaded lower
end portions §{* which extend through openings ’
in the flange 478 and they have plain upper end.
portions 52 which extend between the heads 41
and 48 to tie them together. Nuts 54 are pro-
vided on the threaded portions 5i* at opposite
sides of the flange 47*. By adjusting the nuts
along the parts §1* it is possible to bodily adjust
‘the vertical position of the cylinder above the
head |1 and landing flange 12 and thus accurately
locate the travel of the working or moving parf
31 of the gas control.

In the preferred construction.the piston rod

In its preferred
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.49 is an elongate tubular member which pro-

jects out through the lower head 47 and flange
472 into the head Il of the well to connect to

/the upper end of the flow string 16. . The upper
end portion of the piston rod 49 extends up or
out through the head #8 and into the delivery
line 55 which conducts the fluid away from the
well. . ..

Suitable packing means 56 is provided at the
‘lower head 47 to pack around the piston rod 48
and syitable packing means 57 is provided at the
flange”41® {0 pack around the rod 49 where it
enters the flange 12 and head . , ‘

The delivery line §5 is provided to receive
flow from the upper end of the piston rod 49
which flow is that coming from the flow string
16 to which the piston rod is attached. It'is
the function of the flow line to receive the flow
from the piston rod and conduct it away from the
apparaus and, in accordance with our invention,

-the flow-line includes a head 55* above the cyl-
inder and piston unit above described to handle
the upper end portion of the piston rod 49, a ver-

. tical section 55f offset from and parallel with

- the cylinder and pision mechanism, and a slip
Joint in the vertical section 557 whereby the cyl-
inder and piston mechanism can be bodily ad-
Justed vertically, as above described, without dis-
turbing the flow line.- The head 5§* is mounted
-& suitable  distance above the cylinder heéead 48
by means of spaced legs 60 which project up-
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face equipment or more specifically from the flow
string 16 which is directly connected -with the

" plunger or movable element of the control.
" In carrying out our invention we can employ
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wardly from the cylinder head. The head 552 '

has & packing means 55° which slidably passes
the upper end portion of the piston rod 49 and
it has an upwardly extending tubular projec-
tion- 55¢ which surrounds the piston Tod 49 and
-which is closed at its upper end by a cap 55%.
The tubular extension 55%¢ of the head 55* is
- long enough or of sufficient vertical extent to
accommodate the piston rod 48 throughout its
. entire- movement or travel.. ) o
" 'The head 5§5* delivers the flow received from
the piston rod 49 to a lateral flow connection
§5¢ which joins to the upper end of the vertical
section 55 of the flow line. :

The vertical section 55¢ of the flow line is ar-
ranged parallel’ with the . cylinder and piston
mechanism adjacent one side thereof. The slip

joint provided in the vertical section of the

flow line includes a gland body 55% secured to the
flange 4712 by a suitable mounting bracket 55t
and a follower §5!' bolted to the body 55¢ and
operable to' compress packing §5. The upper

end portion of the vertical section of the flow"

line slidably enters the slip joint or, in other
. words, slidably passes through the follower 55!
. and through the packing 55! and projects below
or beyond the body 55¢. The lower part of the
vertical section of the flow line is fixed or joined
permarnently to the lower end of the body §5¢
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" through a supply line 71.
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and continues downward far enough to accom- -

modate the projecting end of the upper part of
the said section of the flow line. The parts are
arranged and proportioned so that the slip joint
has sufficient movement to allow for full opera-

" - tion or adjustment of the cylinder and piston

mechanism without disturbing the flow line or,
in other words, without requiring manipulation
or setting of the flow line other than possibly
adjustment of the packing gland of the slip joint.

The control system B for the actuating unit
includes, generally, a pressure accumulator. 6
and & system of fluid connections and valves
whereby the actuating unit is controlled by or
from the reciprocating element of the sub-sur-

i
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different sources of power. In most instances it
will be found practical to employ high pressure
gas as the prime mover for the entire apparatus

‘or system. We will describe a form of the inven-
~ tion wherein a high pressure gas is employed as

the prime mover. :

The high pressure gas from any suitable source,
for example from one or more wells, or from a
compressor plant, is supplied through a high
pressure gas line 62. A connection which we will
term a well branch 63 extends from the high =
pressure line 62 to the head If to enter the
ahnulus 11." Another connection which we will
term the accumulator branch 64 extends from

_the high pressure line 62 to the upper end of the

accumulator 61. . .

A normally closed inlet valve 65 is-provided
in the accumulator branch 64. An exhaust line
66 connects with the accumulator branch 64 and
is under control of a normally open exhaust valve
61. The exhaust line 66 may finally connect into
the delivery line 55. To assure uniformity of op-
eration we prefer to provide a pressure regulat-
ing valve 68 in the connection which extends
to the accumulator 6f, which valve §8 we locaie
in branch 64 between the inlet valve 5 and the
top of the accumulator. In practice we may
employ an ordinary diaphragm controlled pres-
sure regulator valve and the desired pressure can

‘be maintained by providing a pressure connect- -

ing line 69 between the upper portion of the
accumulator. and  the diaphragm of. the valve
68. ' v ' .

In practice the valves 65 and 67 are prefer-
ably motor valves of standard design under con-
trol .of diaphragms and. they -are alternately
opened and closed so that the accumulator is

" alternately charged and exhausted. A time con- ~
‘trolled intermitter of any suitable design is pro~

vided to' contro] the pilot gas which operates
the valves 65 and 61. - In the preferred system
pilot. gas is.supplied from 'a suitable source’
We have shown the
supply of pilot gas taken from branch 64 ahead
of valve 65 through a pressure reducing valve
112, Pilot gas from the intermitter 1¢ acts on
the diaphragms of the valves 65 and 67 through .
& line 70* with one branch connected to. the .
diaphragm of valve 65 and another branch con-
nected to the diaphragm of valve 67, ,
The intermitter 70 may be any- suitable -con-

“trol device. For instance it may be & clock con-

trolled mechanism which serves to admit pilot
gas under pressure to the diaphragms of the-
valves 65 and 67 at suitable time intervals, With
the arrangement illustrated one of the valves is .
normally open and the other normally closed so
that they operate oppositely. When gas is be-
ing admitted into the accumulator to force lquid
therefrom and into the actuator D the valve 65
is-open while the valve 67 is closed, but when
it is desired to, exhaust gas from the accumula-

" tor so that liquid can exhaust from the actua-
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tor D, then the valve 65 is closed and the valve 67
is opened. Valves 65 and 67 are disposed and
coupled In the system so that when the control
or pilot pressure comes on valve 67 closes be-

- fore valve 65 opens, and when pilot pressure is

75

taken off, then valve 65 closes before valve §1
opens, : , :
In practice we prefer to employ an intermit-
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ter 10 adjustable to vary the frequency with
which the inlet and exhaust valves are oper-
ated and to vary the time between opening and
closing of the valves. For instance, we prefer
to provide an intermitter adjustable. to gain any
desired number of operations per hour and one
which can be adjusted to gain any desired time
interval between the time the inlet valve is oper-
ated, say, for instance, to open while the ex-
haust valve closes, and the time that the in-

let valve closes and the exhaust valve opens.

In Fig. 15 of the drawings we diagrammatically
illustrate one form of intermitter that can be
used to advantage.

Tn the intermitter illustrated a slide valve con-

trols flow from the pilot gas supply line 11 to
the line 18b connecting to the diaphragms of
valves 65 and 61. The slide valve involves a body
170 with an inlet port 171 at one side to which
line T is connected, with an outlet port 172 at
the opposite side and to which the line 100 is
connected, and with an exhaust port 173. The
valve element 174 reciprocates in the body {10
between a position where it closes the exhaust
port 113 and allows connection between the ports
111 and 172, and a position where it cuts off the
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instead of being one above the other on the
common shaft 191, are shown spaced apart and
the shutters 193 and (95 are shown in proper
relationship to the discs. . ‘ o

In the arrangement illustrated a plurality of
stops 194 are adjustable around a rim 196 pro- -
vided on the disc 192 and they successively en-
gage and operate the shutter as the disc revolves,
When a stop 194 engages and operates the shut<
ter 185 the shutter is moved to a position to
close the'nozzle 184 with the result that pressure
develops in the right hand end of cylinder 115,
causing movement of the piston 176 to the posl-
tion shown in the diagrammatic figure, so that
pilot pressure enters the diaphragms of:valves
65 and 61 causing valve 65 to open and valve -
67 to close. :

A plurality of stops 195 are provided on & rim
197 on disc 193 and successively engage the shut-
ter 183 to operate it. When shutter 183 is moved
by & stop 195 to close the nozzle (82 pressure builds

. up in the lefthand end of the cylinder 115 caus-

25

port 171 and opens port 172 to port {13. When

the valve is in the first mentioned position pilot

gas pressure is admitted to. the diaphragms of

valves 65 and 67, whereas when it is in the sec-
ond or other position pilot gas is exhausted Irom
the diaphragms of valves 85 and 87. i
The intermitter 10 involves means for recipro-
cating the valve 174 between- the two positions
above described. ‘Such means may include an op-
erating eylinder and piston mechanijsm for the
valve {14. In the drawings we show a cylin-
der 115 at one end of the valve body 170 and a

piston 116 operating in the cylinder {15 and car-

ried on an extension of the valve 114, With
this arrangement when fluid under pressure s
admitted to either end of the cylinder while the
other end is open, the piston will move toward
the said other end of the cylinder.

To alternately admit and exhaust pilot gas to
the cylinder 115 to reciprocate the piston A6
therein, we provide.a pilot gas line (80 from the
pilot gas supply 11 to one end of the cylinder

115 and a pilot gas supply line 181 from the

pilot gas supply T4 to the other end of the cyl-
inder 175. An escape nozzle 182 is provided in
line 180 adapted to be closed by a pivoted shut-
ter 183, and an escape nozzle 184 is provided in
line i8] adapted to be closed by a pivoted shut-
ter 185.

From the foregoing description it will be ap-.

parent that when the nozzles 182 and 184 are open
pilot gas escapes so that no pressure builds up
in the ends of the cylinder 175 but if either one

°- of the nozzles is closed by its shutter, pressure will

develop in the line in which the nozzle is con-
nected, and consequently pressure will develop

in the corresponding end of the cylinder I75. "

wWith this mechanism the desired action or oper-
ation of the piston 176 in cylinder {715 can be

" gained by operating.the shutters 183 and 185 at

proper intervals and in proper sequence.

Various means may be provided to operate the
shutters. For example, as indicated in the draw-
ings, a spring motor, or the like, 190 may be
provided to drive a.shaft 194 so that it turns
constantly. Control discs 192 and 193 may be
provided on the shaft 191 to carry stops 194
and 195, respectively, to operate the shutters,
In the diagram, Fig. 15, the discs 192 and 193,
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ing the piston 176 to move to the righthand end
of cylinder 116 and the valve {T4 to operate to
a position where pilot pressure is cut off from the
diaphragms of the valves 65 and 67 and is allowed
to exhaust therefrom through the port (13,

It is to be understood, of course, that when
pressure is developed in either end of the cylin-
der 115 there must be no pressure developed in *

‘the other end of the cylinder, otherwise the pis- -

ton 76 would not move. In practice the two discs
‘182 and 193 are, as we have said, on the common -
shaft 191, and there is an equal number of stops
on each dise. The discs are individually adjust-.
able around.the shaft 181 and they are set in rela-
tive rotative positions so that the stops 94 and 9%
operate the shutters successively. For example,
if it is desired that there be four complete cycles
of operation for each revolution of the shaft 191,
then we provide four stops 194 on the disc 192,
and. we provide four stops 195 on the disc 193,
and we arrange the two dises in different rota-
tive positioris so that as the shaft 181 turns the
shutter 85 will be operated and then, at a pre-
determined interval thereafter the shutter 183
will be operated. Following this cycle of oper-
ation the next succeeding stop (94 will come into
position and the shutter 195 will be operated for
the second time, and following this, at the desired
interval, the shutter 183 will be operated for the
second time, ‘and this sequence continuously re-
peats itself so long as the shaft 181 rotates.

In the particular mechanism illustrated the
stops 198 and (95 operate the shutters through
spring arms {98 on the shutters, which arms:
make it unnecessary to provide a very fine ad-
justment of the parts. The various parts are
related and proportioned so that the shutters are
only momentarily operated, that is, they are not
held closed, with the result that when the pise
ton 176 has been moved to either end of its stroke
the pressure that operated it is released and the.
mechanism is ready for the next operation as
soon as a shutter is operated by one of the stops.
In other words the system is such that the pilot
pressure is normally exhausted from the two
ends of the cylinder 116 and positive pressure
is developed in the cylinder only long enough to
move the piston 16 from qne end to .the other,
depending upon which: shutter is operated. )

From the foregoing description it will be ap-
parent that the intermitter 70 is in reality the

" timer for the parts operating in the well, that

5

s, it is: the timing device that determines when -
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the gas control valve located down in the well’

is operated. The. intermitter accomplishes this
control through the valves 65 and 61 which, in
turn, control the movement of the cylinder and
plston mechanism that lifts the flow string, which
-in reality is a valve stem for the movable valve
element of the gas control valve in the well.

intermitter, as above described, we are able to
conveniently and accurately adjust the action of
the well parts.

The period of rest gamed at the upper end or
top. of the stroke through proper setting of the
. intermitter may be, and preferably is, such as to
allow sufficient time for full emptying of the dis~

* placement chamber, and likewise, the period of

By -
providing for simple accurate adjustment of the = )
“ before which time the’ small head has moved to3‘ :

10

-oft communication between the supply connec {"'",

20

tion 9% and the pilot pipe 85 2
An extension 101 of the valve member proper K

projects from one end of the body 91.s¢ that it *
can be operated to.move the valve against the
spring 99 to a position Wwhere thé large head 96 is

away from the seat 94 establishing connection be-
tween the supply connection 85 arid the pipe 85,

a ‘position where 1t-covers an exhaust port 101e

which is normally open. h
The general relationship. of the parts thus Iar‘ :

described is such that when the valve of the pilot o

".'valve 90 is operated against the action ‘of the

15

rest gained at the lower end or bottom of the -

) stroke by proper setting of the intermitter may

. be, and preferably is such as to allow complete.

| filling of the displacement chamber from the
“well. By setting the intermitter so that the

20

. periods of rest allow complete emptying and com-

- plete filling of the displacement chamber with-
out excess time delay we gain maximum oper-
ating efficiency. It is. to be noted that the in-

25

termitter is located at the surface of the well 3
. and it is through this unit of surface equipment

. that we are able to vary the periods of rest at
" the top and bottom of the. stroke to initially
- gain proper setting, and to vary the setting from
. tinie to time as well conditions may change.

It

30

' should be further noted that we can vary either |
time period, that is, either the period of rest at .

" the top of the stroke, or the period of rest at

. the bottom of the stroke, or both, and can do
this without in any way alterating or mampulat-

| ing the equipment in the well,

In accordance with our invention we provide a

l,body of hlfiqqid L to be handled by the accumu- °

lator and to.be conducted to the means D to
operate it. A suitable conduit 80 is provided con-
' necting the lower end of the accumulator’ with

' the. lower énd of the cylinder of the means D.-

| We provide a control valve 81 in the connection
, 80-and a by-pass 82 around the valve 81. The

35

40

- the trigger ‘t11.

by-pass is provided with a’ check valve 83 ar-

- ranged to allow free flow only from the means
D to the accumulator past. the valve 81,

The valve 81 is a normally open motor valve

. preferably designed to be operated by pilot gas

supplied -through a gas connection 85 which is

- Joined to the diaphragm or power. element of ‘
In accordance with our inven- .

. the valve 81.
‘tion a three-way pilot valve 90 controls the sup-

i ply and exhaust of pilot gas to and from the gas

i connection 85 so -that it controls the action of
.. the valve 81.

The pilot valve 90 shown in Flg 3is prefer-
ably a simple slide valve including a cylindrical

. body 81 having a large bore .92 at one-end and

' & small bore 93 at the other end which bores join
.to form- a seat 94. A pilot gas supply connection
95 is connected into. the large bore 92 and the

. | pilot gas line 85: connects.into the inner end por-
. tion of the small bore 93. An exhaust port (012
 connects into the outer end portion of the small
“bore..
. A valve element operates in the body 91 a,nd

:has alarge head 96 operating in the large bore.

spring 99 the valve 81 is closed so that fluid under -
pressure from the accumilator is cut off from
entering the cylinder of the means D. .-

To effect operation of the pilot valve 90 at the
desired point during operation of the displace-
ment unit and control in the well we provide an
operating connection between the reciprocating.
element of the control B and the pilot valve 90.
Since the working elements of the displacement
unit A and of the gas control B are-directly linked
to the flow string 16 and the flow string is cou-~
pled to the piston 49 of the means D we take the -
operating movement from the piston rod 49. :

' In the preferred arrangement we.: provide an

adjustable collar 0. on the piston rod 49, and.
we provide a hinged lever or trigger (11 to actu-
ate the extension 101 of the valve 90. The valve

. 90 is supported by mounting bracket {13 so that

it is at the upper side of the upper head 48 and
the trigger 111 which engages the valve extension
{01.is pivotally mounted on a bracket arm il
located adjacent to or in the vicmity of the piston .
rod 49 as.it passes in the zone between the head
48 -and the delivery pipe 55.  The collar- 140 is
fixed on the piston rod 49 to pass freely through
an enlarged opening (15 in the head 48 and is
proportioned so that it will -engage and operate .
In practice it is desirable to ad-
Jjust or regulate the position of the actuating col-
lar 110 along the piston rod 49 and, therefore, we
split the collar so it is in two sections which as-
semble around the piston rod.. The two sections
of the col’ar are held in tight gripping engage-

- ment with the rod by Imeans of a,nnula.r coiled

50

55
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92 and a small head' 97 operating in the small .

bore 83, A stem 98 connects the heads 96 and 97.

springs 1.

In gperating or during operation of the mecha-
nism that ‘we have thus far described, assuming
that the flow tube of the displacement unit is at
the lower end of its stroke, or that the flow string.
{6 is down, the intermitter 10 (Fig. 1) operates to
close valve 671 and open valve 65 with the result

- that high pressure gas from the line 62 enters the

top or upper end of the accumulator 6f exerting

high pressure on the liquid L in the accumulator.
The normally open valve 81 allows the fluid under

pressure to pass from the lower end of the ac-

cumulator through the connection 80 to the bot~
tom end of the cylinder of the means D. The

liquid thus introduced into the cylinder of means

D forees the piston 50 up through the cylinder

46 thus -causing the flow string which is con-

nected to the piston rod 48: to move up,

The upward movement.of ‘the flow. string will
continue until the movable element ‘or plunger.
of the gas control B admits gas under pressure
to the chamber X of the displacement unit A,

whereupon. there will be a tendency for the up~- .

~ ward movement of the flow siring to accelerate.

A spring -99 carried in a suitable cage 100 nor-

mally urges. the valve to a position where the
large head 92 engages the seat 94 thus closing

75.

due to the pressure acting under plunger 31 in-

stead of only above it. -Rather.than attempt to

mechanically stop this acceleratlon of the ﬂow
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o
string we use this movement or this portion of
the movement of the flow string to bring the col-
lar 110 into cooperative engagement with the
trigger (11 so that the three-way pilot valve 80
is then operated. It should be noted that the 5
construction of the control B-in the well is such
as to aliow for considerable overtravel after the
control has opened to allow high pressure gas to .
enter the displacement unit A. It is during this
overtravel that the pilot valve is cperated to cause. 10
gradual termination of the upward movement of
flow string 16. BRI
. As soon as the three-way pilot valve 90 is op-. .
erated by the collar {10 the valve 81 starts to
close so that flow of operating fluid to the cylin- 15
der of the means D is cut down and finally cut
oft completely. The pressure used in the pilot -
system and the size and length.of the pipes han-
dling pilot gas are related to the diaphragm con-
trol of the valve 81 so that it takes some little 20
" time, say a fraction of a second, after valve 80 is
operated before the valve 81 is actually closed
and, therefore, the tubing comes to rest graduaily
or slowly, and thus prevents jarring of the parts,
The intermitter T0 is set so that following clos- 25
ing of valve 81 there is a time interval when pis-
ton 50 remains In its up position to allow the dis-
placement chamber in the well to empty after
which valve 65 closes and valve 67 opens, so gas
exhausts from the accumulator through the con- 3¢
nection 66 to the flow line 55. When this oc-
curs the fluid under the piston 50 in the means
D is free to escape through the connection 80
and the by-pass 82 and check valve 83 so that
it returns into the accumulator. Ifis to be noted 36
that the weight of the flow string will put pres-
sure on the liquid under the piston 50 to exhaust
it from the cylinder of means D back into the
accumulator 6. ’ :
Through the interconnection of the gas con- 40
. trol B at the displacement unit A and the con-
trol means E through the pilot valve 80 of the
control means we effect a highly efficient and sat-
isfactory operation. There is ho damage or dif-
ficulty resulting from the surge or acceleration
whiéh occurs when the high pressure gas is sud-
denly admitted to the pump, and the entire sys-
tem operates smoothly and automatically without -
the excessive use of gas and without requiring
constant or careful supervision. =~
“From the foregoing description it will be ap-
parent that the accumulator 61 handles g body
of operating fluid, as for instance, oil or the like,
which body of liquid is held in the bottom of the-
sccumulator while high pressure gas is introduced
into the top of the accumulator to exert pressure
on the liquid. It will be understood that should
leakage occur in the system so that the “liquid
normally handled by the accumulator is dissi-
pated or lost, the high pressure gas might find its 60
way from the accumulator to the means D and
cause erratic or unsuitable operation of the means
D. To eliminate the possibility of gas ever reach-
.ing the means D we provide a liquid level con-
trol means in connection with the accumulator. 65
We may provide a stop valve 250 in the line 80
at the accumulator under control of a float con-
trol means 231. In the drawings we have shown
a stop valve 250 which is normally open and we
show a typical float control device 231 connected 70
into the lower portion of the accumulator and
joined to the valve 250 by suitable linkage 262.
These parts normally have no influence on the. -
operation of the apparatus but, rather they re-
main inactive. However, should the level of liquid 73

50

55
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in the accumulator fall below a predetermined
point the float control 231 will operate. and
through the linkage 252 will operate the stop
valve 250 so that the line 80 is cut off, separating
“the accumulator from the means D.

In accordance with our invention we provide
means to check downward movement of the pis-
ton 50 in cylinder 51:as it reaches the lower end .
of its stroke, in order to prevent a hammer or jar
such as would otherwise occur if the piston were
allowed to be stopped solely by the cylinder head -
41. In the preferred arrangement we provide an
annular cup 47* on the inner side of the lower
cylinder head 47 concentric with the piston rod
49 and we provide the cup with a finished bore
41z, A downwardly extending projection 41Y is
provided on the lower side of piston 50 and this;

. projection has its exterior’ 41% turned to slid-.

ably fit into the bore 472, As the piston 80 ap-
proaches the.lower end of its stroke the pro-
jection 4717 enters the cup 47* and the fit between
the projection and cup is such as to allow the
actuating fluid trapped in the cup to gradually
- escape. The mechanism acts as a hydraulic check
or stop that effectively prevents hammering or
sudden shock when the piston reaches the lower
end of its stroke.

From the foregoing description it will be ap~
parent that we have provided apparatus for lift-
ing fluid from a well through the use of a sys-
tem or arrangement that is closed from the well,
that is, the only opening or connection provided
between the well, or interior of the well casing
10, and the apparatus that we have provided is
through the bottom end of barrel 18 past the
bottom valve 20 and since the bottom valve 20
is, in effect, a check valve positively preventing
flow out through the bottom of the harrel 18, the
apparatus that we have provided is closed so that

‘ we never create appreciable pressure on the well
or the well formation. The amount of gas ex-
hausted into the well through the control B is, in
practice, negligible. The absence of back pres-
sure is a highly important factor in that for ef-

5 fective handlihg of well fluids with apparatus

such as we have provided the actuating medium,
for .instance, -the gas employed in the annulus
11, is necessarily under high pressure and if such
pressure is allowed to come upon the well or the
well forination it may, and in fact in practically
all cases it would materially retard, if not kill, .
the well. By providing a closed system and by
thus kepping pressure off the well we remove the
well fluid and at the same time create a condition

" in the well which actually induces higher: pro-
ducticn from the well. ' ‘

By naving provided apparatus which forms a
closed- system and through the particular ar-
rangement which characterizes our invention, the
high pressure actuating gas in the annulus i1
flows down through the control' B and in thus
flowing, and if there is any leakage through the
_control, that is between the plunger and its bar-
rel, these parts are swept clean so that they may
actually operate dry. It is apparent that these

- parts must handle or control high pressures and '
" consequently will operate more efficiently and

without. danger of fouling or becoming injured
if they are not dry but, rather, are lubricated.

In accordance with our -present invention we
provide lubrication for the working parts of the
control B, ' We do. this by introducing a suitable -
lubricant into the annulus {71 through the head

. t1; In accordance with the preferred form of
the invention g suitable amount -of lubricant is .
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fed to the annulus {1 as the apparatus operates
and to assure the proper feed of lubricant, that
is, to assure the feed of lubricant when the ap-
paratus operates, and a quantity of lubricant pro-
portionate to the operation of the apparatus, we
coordinate the lubrication with the action of the
. apparatus.

In the form of the invention illustrated we -
provide a lubricant pump 300 driven by a gas .

i motor 301 supplied from line $3 through a pres-
* sure regulator 302, The pump draws lubricant

55 so that it is not. wasted and so that the sys-
tem is entirely enclosed, As a result of the hook-

,up that we have provided the high pressure gas

entering the apparatus through the connection 62
performs the various functions we have described
and then finally discharges from the apparatus

" with the pumped ﬂu1d through the delivery pipe

10

from a suitable supply reservoir 303 and delivers -

¢ it:to the head 1 to enter the annulus I1. The
. lubricant pump can be operated by the gas pres-

i sure or from the reciprocating element of the .

apparatus, for instance, it may be connected to
the piston rod 19 so that it is operated each time

15

'- the piston rod acts through its cycle of opera- '

tion..
°  The lubricant delivered in suitable quantity
and at suitable intervals to the annulus 17 falls

20

. by gravity down through the annulus and is
¢ finally deposited at the upper end of the control .

- B, that is, at the point where the high pressure
: gas enters the control for admittance to the dis-
- placement unit. The lubricant thus deposited
. finds its way or is forced between the relatively
working parts of the control B and in practice
. practically all of it finds its way through the con-
trol B. either between the working parts or with
the operating gas, so that it is deposited with

! the well fluid in the chamber 23 and is carried.

. out of the well through the action hereinabove
described.

In order that it may be fully apprec1ated that

we have by our invention provided a combina-

. tion of elements that will accomplish results not.

26
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. obtainable with ordinary so-called gas lifts, we

i, would explain that our mechanism will work effi-
. ciently when taking well fluid from a well at a
.depth of approximately eight thousand feet, or
more,  In such application of the invention the
- initial actuating pressure, that is, the pressure

. at which the actuating gas is introduced into the .

. head i1 to enter the annulus 7T may be approxi-

| mately 1200 pounds per square inch, There may:
. be a pressure drop.of about 150 pounds per square

inch in the annulus from the top of the well
to the point where the control B admits the gas
to the displacement unit so that there is a dis-

55.

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

- Having described our invention, we claim: -

1. Apparatus for lifting fluid from a well, by
gas under pressure 1ncluding, a stationary tub-
ing extending into the well and receiving gas

under pressure at its upper end, a tubular flow

line extending into the well through the tubing
and adapted to be reciprocated, a displacement
unit carried in the well from said tubing and
line, a gas control ‘at the said unit operable by
reciprocation .of the flow-line to admit gas from
the tubing to the unit so well fluid is displaced
by the gas from the unit into the flow line and
to exhaust gas from the unit following displace-
ment of well fluld therefrom, a cylinder and pis-
ton actuator at the top of the well for lifting

~the flow line, and a control for said actuator op-
erable to ‘admit operating fluid under pressure

to the cylinder to move the piston so that the
line is moved upwardly and including means con-
trolled by the said line stopping flow of said

.fluid to the cylinder to stop upward movement of

the line.
2. Apparatus- for liftmg fluid from & well by

" gas under pressure including, a stationary tubing:

40

5€C

placing pressure of about 1050 pounds per square .

. inch applied -to. the- ﬂmd in the dxsplacement
unit.

From the foregoing descriptlon it will be ap-»

. parent that we have provided a fluid lifting ap-
. paratus which is subject to considerable varia-
. tion making it practical for use under a wide
: range .of well conditions, In practice the appa-

5t

extending into the well and receiving gas under
pressure at its upper-end, a tubular flow line ex~
tending into the well through the tubing and
adapted to be reciprocated, a displacement unit -
carried in the well from said tubing and line and
including a stationary barrel forming a displace-
ment chamber, a flow tube to be reciprocated. in
the barrel, and valves controlling flow of well
fluid through the chamber, a gas control at the
unit operable by reciprocation of the flow line.
to admit gas from the tubing to the unit to dis-
place well fluid from the unit into the flow line
when the said line’ approaches the ubper end of
its stroke and to exhaust gas from the unit fol-
lowing displacement of well fluld therefrom in-
cluding a tubular valve barrel forming a connec-
tion between the tubing and the first mentioned
barrel and a valve plunger forming a . coupler

"and fluid connection between 'the flow line and

* ratus that we have provided is so flexible that it -

can be used from the time that a well requires

- an artificial lift unt11 it is ready for abandon--

ment.
It should be noted that the gas employed ex-
- hausts through the ports 33 into the space be-
- tween the tubing 13 and the well casing 10 so that
- it can be bled or taken from the head {1 through
. & suitable bleeder connection 120 which, in turn,

60

85
. ping flow of said fluid to the c¢ylinder to stop

: connects into the delivery pipe §5 through a pres-

_sure regulating valve 120= so that there is no
: waste whatever of gas.. When the various parts

i are thus connected the gas used in displacing -

fluid at the displacement unit A is led to the de-
- livery line, the gas passed into.the flow string by
. the density control regulator C and the gas used
‘ in the accumulator all flows to the delivery line

70

flow tube and slidably operating in the said valve
barrel, a cylinder and piston actuator at the top
of the well for lifting the flow line, and a control -

“for said actuator operable to admit operating
-fluid under pressure to the cylinder to move the

piston so that the line is moved upwardly and
mcludlng means controlled by the said line stop-

upward movement of the line.

- 3. Apparatus for pumping a well by gas under '
pressure including, a fixed tubing extending into

the well and receiving gas under pressure at its

upper ‘end,-a tubular flow line exténding into the:

‘well through ‘the tubing and adapted to be re-

- ciprocated, a pump carried in the well from said

75

tubing and line, a gas control at the pump op-
erable by reclprocation of the ﬂow line to admit
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gas from the tubing to the pump to displace well '.

fluid from the pump into the flow line and to ex~
haust gas from the pump following displacement
of well fluid therefrom, one or more adjustable
density control regulators spaced along the flow

line to admit gas from the annulus into the flow"

line to facilitate flow of well fluids upward through .

the flow line, a cylinder and piston actuator at
the top of the well for reciprocating the flow line,
and a control for said actuator operable to ad-
mit operating liquid under pressure to the cylin-
der to move the piston so the line is moved up-
wardly and including means controlled by the
said line stopping flow of said fluid to the cyl-
inder to stop upward movement of the line.

4. Apparatus for lifting fluid from a: well by
pressure fluid including, & stationary tubing ex-
tending into the well and receiving fluid under
pressure at its upper end, a tubular flow line
extending into the well through the tubing and
adapted to be reciprocated, a displacement unit
carried in ‘the well from said tubing and line; a
fluid control at the unit operable by reciproca-
tion of the flow line'to admit fluid from the tub-
ing to the ‘unit to displace well fluid from the
unit-into the flow line and to exhaust fluid from
the pump into the well around the tubing follow-
ing displacement of well fluid therefrom, a:de-
livery line receiving well fluid from the ﬁow line
at the top of the well, a connection between the
well around the tubing and the delivery line-so
that fluid from the well enters the delivery line,
_a cylinder and piston actuator at the top of the

well for lifting the flow line, and a. control for -
said actuator operable ‘to admit operating fluid

under pressure to the cylinder to move the piston

20
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so that the line is moved upwardly and includ-.

ing means controlled by the said line for stop-

ping flow of said fluid to the cylinder to stop up~ -

ward movement of the line.
5.  Apparatus for handling well fluid by gas un-

der pressure including, a stationary tubing ex-.

- tending into the well and receiving ‘gas under
pressure at its upper end, a tubular flow line ex-
tending into the well through the tuking and
adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line, a

gas control at the unit operable by reciprocation.

of the flow line to admit gas from the tubing
to the unit to displace well fluid from the unit
into the flow line when the said line approaches
the upper end of its stroke and to exhaust ga$

from the unit into the well around the tubing-

following ‘displacement of -well ‘fluid therefrpm,
a delivery line receiving well fluid from the flow
line at the top of the well, a connection between

the well around the tubing and the delivery line’

so gas from the well enters the delivery line, a
density control regulator in the flow line adja-
cent the unit to admit gas from the tubing into

40
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the flow line when a predetermined pressure dif-

ferential exists between the flow line and tubing
to facilitate flow of well fluids upward through
the flow line, a cylinder and piston actuator at
the top of the well for lifting the flow line, and a
control for said actuator ‘operable to admlt. op-
erating fluid under pressure to the cylinder to
move the piston -so the line is’ moved upwardly
and including means controlled by the said line
stopping flow of said fluid to the cylinder to stop
upward movement of the line,

6. Apparatus for handling well Vﬁuld by gas ,'

under pressure including,. a statlona.ry “tubing

70

extending into the well and receiving gas under .

pressure at its upper end, a tubular flow line ex-

75
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tending into the well through the tubing and
adapted to be reciprocated, a displacement unit
carried in.the well from said tubing and line, a -
gas control at the unit operable by. reciprocation

_of the flow line to admit gas from the tubing to

the ‘unit to displace well fluid from the unit into
the flow line when the said line-approaches the
upper end of its stroke and to exhaust gas from
the unit following displacement of well. fluid
therefrom, a cylinder and piston actuator at the
top of the well for lifting the flow line, and a
control for said actuator operable t¢ admit oper-
ating liquid under pressure to the cylinder to move
the piston so the line is moved upwardly including
an accumulator handling said liquid and holding
gas to exert pressure on the liquid, an inlet valve
controlling gas flow to the accumulator, an ex-
haust valve corftroliing exhaust of gas from the .
accumulator, an intermitter controlling the inlet.
and exhaust valves.to-alternately open and.close
them, a liquid handling connection between the
aceumulator and cylinder, a control valve in said
connection, -and means controlling the’ control
valve from the flow line so the-control valve closes
following operation of the gas control to -admit
gas to the pump.

7. Apparatus _for handhng well ﬂuid by gas ‘
under pressure including, a- stationary: -tubing
exteriding into the well and receiving gas under
pressure at its upper end, a tubular flow line ex-
tending into the well through the tubing and
adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line, 2
gas control at the unit operable by. reciprocation
of the flow line to admit gas from the tubing to
the unit to displace well fluid from the unit into
the flow line when the said line approaches the
upper end of its stroke and to exhaust.gas from

the unit following displacement -of ~well fluld

therefrom, a cylinder and piston actuator at the
top of the well for lifting the flow line, and a ~
control for said actuator operable to admit oper-
ating liquid under pressure to the eylinder to move

" the piston so the line is moved upwardly includ-

ing an accumulator handling sald liquid ‘and
holding gas to exert pressure on the liquid, an
inlet valve controlling flow of gas to the accumu-
lator, an exhaust valve controlling exhaust of gas
from the accumulator, an intermitter controlling
the inlet and exhaust valves to alternately open
and close. them, a lquid handling connection
between the accumulator and cylinder, a control

valve in said connection, a bypass in the connec- -

tion arcund the control valve allowing flow only -
from the cylinder, and means controlling. the
control valve from the flow line so the control
valve closes the following operation of the gas
control to admit-gas to the unit. = -

8. Apparatus for handling well -fluid by gas
under pressure including, a fixed tubing extend-
ing into the well and receiving gas under pressure
at its upper end, a tubular flow line extending
into the well through the tubing and adapted to
be reciprocated, a unit’ carned in the well from
said tubing and line, a gas control at the unit

) operable by recxprocatmn of the flow line to admit

gas from the tubing to the pump to displace well
fluid from the unit into the flow line when'the
said line approaches the upper end of its stroke
and to exhaust gas from the unit following dis-
placement of well fluid therefrom, a cylinder and
piston actuator at the top of the well for lifting
the flow line, and a control for said actuator oper-

"able to admit operating liquid under pressure to .

the cylinder to move the piston so the line is moved

i,
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upwafdly and including means controlled by the )

said line stopping flow of said liquid to the cyl-
inder to stop upward movement ot\the line, the
said means including a valve with a“control part

'  and a member moved with the flow line to engage

and operate the control part.

9. Apparatus for handling well fluid by gas
under preéssure including, a stationary tubing ex-
tending into the well and receiving gas under pres-
sure at its upper end, a tubular flow line extend-
ing into the well through the tubing and adapted
to be reciprocated, a displacement unit carried
in the well from said tubing and line, a gas con-
trol at the unit operable by reciprocation of the
- flow line to admit gas from the tubing to the
unit to displace well fluid from the unit into the
flow line when the said line approaches the upper
end of its stroke and to exhaust gas from the unit
* following displacément of well fliid therefrom, a
* cylinder and piston actuator at the top of the well
for lifting the flow line, and a control for said
actuator operable to admit operating liquid under
pressure to the cylinder to move the piston so
the line is moved upwardly including a control
valve controlling flow of liquid to the cylinder,
a pilot valve controlling the control valve, and an

operating. element on.the flow line cooperating ]

with the pilot valve. ' -
* 10. Apparatus for handling a well ﬂuid by gas
" under pressure including, a sta,tionary,tubing ex-

sald actuator operable to admit operating liquid -
under pressure to the cylinder to move the piston

so the line is moved upwardly including a control

a pilot valve controlling the control valve, and
an operat
ing with the pilot valve, -

-12. Apparatus for handling. well fluid by gas

valve con:::{mng flow of liquid to the cylinder,

" under pressure including, a fixed tubing extend~

10

ing into the well and receiving gas under pres- -
sure at its upper end, a tubular flow line extend-
ing into the well through the tubing and adapted

. to be reciprocated, a displacement unit carried-
" in the well from said tubing and line, a gas con-
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tending into the well and receiving gas under .

pressure at its upper end, a tubular flow line
extending into the well through the tubing and
-adapted to be reciprocated, a displacement unit
carried in the well from -said tubing and line,
a gas control at the unit operable by reciproca-
tion of the flow line to admit gas from the tubing
to the unit to displace well fluid from the uni

into the flow line when the said line approaches .

- the upper end of its stroke and to exhaust gas

“from the unit f6llowing displacement of well fluid

therefrom, a cylinder and piston actuator at the
top of the well for limiting the flow line, and a
control for said actuator operable to admit oper-
ating liquid under pressure to ‘the cylinder to
move thé piston so the line is moved upwardly
including a control valve controlling flow of lquid
to the cylinder, .a pilot valve at the actuator

.- controlling the control valve, and an operating -

element on the flow line cooperating with the
- pilot valve, :

11, Apparatus for handling well fluid by gas
under pressure including, g stationary tubing ex-

-tending into the well and receiving gas under -

pressure at its upper. end, a tubular flow line ex-

tending into the well through the tubing and

adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line.and
including a stationary barrel forming a displace-
ment chamber, 8 flow tube to be reciprocated in
the barrel and valves controlling flow of well
fluid through the chamber, g gas control at the
unit operable by reciprocation of the flow line to
admit gas from the tubing to the pump to dis-
place well fluid from the unit into the flow line
when the said line approaches the upper end of
its stroke and to exhaust gas from the unit fol-
" lowing displacement of well fluid therefrom in-
cluding a tubular valve barrel forming a connec-

tion between the-tubing. and barrel of the unit-
and a valve plunger forming a coupler and fiuid '

connection between the flow line and flow tube
and slidably -operating in-the valve barrel, ‘a
cylir r and piston actuator at the top of the
well r lifting the flow line, and a control for
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trol-at the unit operable by reciprocation of the
flow line to admit gas from the tubing to the
unit to displace well fluid from the unit into the
flow line when the said line approaches-the upper
‘end of its stroke and to exhaust gas from the
unit following displacement of well fluid there-
from, a cylindér and piston actuator at the top,
of the well for lifting the flow line, and a control
for said actuator operable to admif operating
liquid under pressure to the cylinder to move
the piston so the line 'is moved upwardly in-
cluding an aceumulator handling said liquid and -

‘adapted to receive high pressure gés from a sup-
‘ply line, an inlet valve controlling the admission

of high pressure gas to the accumulator, an ex-
haust valve controlling the exhaust of gas from -
the accumulator, a liquid connection between the
cylinder and accumulator, s control valve in said’
connection, and a pilot valve operated by the flow
line controlling operation of the control valve,
13. Apparatus for handling well fluid by gas
under pressure including, a stationary tubing ex-
tending into the well and receiving gas under
pressure at its upper end, a tubular flow line ex-

- tending into the well through the tubing and

adapted to be reciprocated, a displacement unit =
carried in the well from said tubing and line, a
gas control at the unit operable by reciprocation

of the flow line to admit gas from the tubing to - .

the unit to displace well fluid from the unit into
the flow line when the said line approaches the

upper end of its stroke and to exhaust gas from

the unit following displacement of well fluid

. therefrom, a cylinder and piston actuator at the
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move the pistc

_top of the well for lifting the flow line, and a

control for said actuator operable to admit oper-
ating liquid under pressure to the. cylinder to
-so the line is moved upwardly
including an dccumulator handling said liquid
and adapted to receive high pressure gas from a
supply line, an inlet valve controlling the ad-.
mission of high pressure gas to the accumulator,
an exhaust valve controlling the exhaust of gas
from the accumulator, a liquid connection be-
tween the cylinder and accumulator, a control
valve in such connection, a bypass around the
control valve so the weight of the flow line dis-

places liquid from the cylinder to the accumu- -

lator when the control valve is closed and the
exhaust valve is open, and a pilot valve operated
by the flow line contro]ling operation of the con-
trol valve.

14. Apparatus for handling. well fluld by gas

‘under pressure including, a stationary tubing ex-" .

tending into the well and receiving gas under
pressure at its upper end, a tubular flow line ex-
tending into the well through the tubing and.
adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line, a.
gas control at the unit operable by reciprocation
of the flow line to admit gas from the tubing to

g element on the fiow line cooperat- -
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the unit to displace well fuid from the unit into
the flow liné when the said line approaches the
upper end of its stroke and to exhaust gas from
" the unit into the well around the tubing follow-
ing displacement of well fluid therefrom, a de-

Jivery line receiving well fluid from the flow line .

at the top of the well, a connection between the
‘well around the tubing and the delivery line so
that gas from the well enters the delivery line. a
eylinder and piston actuator at the top of the
_ well for lifting the flow line,a control for said
actuator operable to admit operating Hquid under
pressure to the cylinder to move the piston so the
line is moved upwardly including an accumulator
‘handling said liquid and adapted to receive high
pressure gas from a supply line, an inlet valve

controlling the admission of high pressure gas

30

gas control at the unit operable by reciprocation
of the flow line to admit gas from the tubing to
the unit to displace well fluid from the unit into
the flow line when the said line approaches the
upper end of its stroke and to exhaust 'gas from
the pump following displacement of vy.ell “fluid
therefrom, a cylinder and piston actuator at the

_top of the well for lifting the flow line, and a

10
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_ valve and accumulator, an exhaust valve con-. ~

to the accumulator, an exhaust valve controlling .

the exhaust of gas from the accumulator, a Hquid
connection between the cylinder and accumulator,
o control valve in. sald ‘connection, a bypass
around the control valve so the weight of the
“flow line displaces liquid from the cylinder to the
accumulator when the control valve is closed and
the exhaust valve is open, and a pllot valve oper-
ated by the flow line controlling operation of the
control valve, and a connection from the exhaust
valve to the delivery line. :
~15. Apparatus for handling well fiuld by gas
under pressure including. & stationary tubing ex-
tending into' the well and receiving gas under
pressure at its upper end. a tubular flow line ex-

20

control for said actuator cperable to admit oper-
ating liquid under pressure to the cylinder to
move the piston so the line is moved upwardly
including ‘an accumulator handling said liquid
and adapted to receive high pressure gas from a
supply line, an inlet valve controlling the ad-
mission of high pressure gas to the accumulator,
a pressure regulating valve between the inlet

trolling the exhaust of gas from the accumulator,
a liquid connection between the cylinder ahd ac-
cumulator, a control valve in said connection,
and a pilot valve operated by the flow line con-

" trolling operation of the control valve.

17, In apparatus for elevating liquid from a
deep well, a tubing extending downwardly in the
well and into the fluid therein, an anchor hold-

“ing the lower end porticn of 4the tubing against
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tending into the well through the tubing and -

adapted to be reciprocated, & displacement unit,

_carried in the well from said tubing and line, a
gas control at the unit operable by. reciprocation
of the flow line to admit gas from the tubing to
the unit to displace well fluid from the unit into
the flow line when the said line approaches the
upper end of its stroke and to exhaust gas from

 the unit into the well around the tubing fol-

Jowing displacement of well fluid therefrom, a

delivery line receiving well fluid from the flow:
line at the top of the well, a connection between -

the well around the tubing and the delivery line
_so gas from the well enters the delivery line, a

density control regulator in the lower end of the

flow line to admit gas from the tubing into the
flow line to facilitate flow of well fluids upward
through the flow line, a cylinder and piston actu-

ator at the top of the well for lifting the flow

line, a control for said actuator operable to admit
operating liquid under pressure to the cylinder
. to move the piston so the line is moved upwardly
including an accumulator handling said liquid
and adapted to receive high pressure gas from a
supply line, an inlet valve controlling the admis-

sion of high pressure gas to the accumulator, an

exhaust valve controlling the exhaust of gas from
the accumulator, a liquid connection between the
cylinder and accumuiator, a control valve in said
connection, & bypass around the contro] valve so
the weight of.the flow line displaces lquid from
the cylinder to the accumulator when the control
valve is closed and the exhaust valve is open, and
a pilot valve operated by the flow line controlling
operation of the control valve, and a connection
from the exhaust valve to the delivery line.

16. Apparatus for handling well fluid by gas
under .pressure including a stationary tubing ex-

‘movement in the well, a flow line extending
‘ downwardly through the tubing with clearance,

a gas control valve including a valve barrel held
stationary by the lower end of the tubing, and a
valve plunger operable by thé flow line and sliding
in said barrel, a displacement barrel depending
from the valve barrel, an inlet valve at the lower

end of the displacement barrel, a flow tube de-

panding from the valve plunger into the displace-
ment barrel, an outlet valve at the upper .end
of the flow tube, a vent valve in the flow tube
helow the outlet valve for venting gas from the

- flow tube to:the displacement barrel when the
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outlet valve is closed, means supplying high pres-
sure gas into the upper end of the tubing, means-
supplying lubricant to the upper end of the tub-
ing to flow downwardly therethrough to the said
valve barrel and valve plunger, a density control
regulator in the lower end portion of the flow line
operable to admit: gas from-the tubing to the -
flow line when a predetermined pressure differ-

. entia] exists between the-tubing and flow.line,

50

_the said valve plunger having a part normally

fitting the valve barrel to close it and being moy-

- ‘able upward to a point out of the valve barrel to
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allow. gas from the tubing to pass through the
valve barrel to the displacement barrel, an actu-
ator for moving the flow line to reciprocate the
valve plunger including, a cylinder -and piston -
mechanism at the head of the well, a piston rod

operated by said mechanism and connected to the -
flow line, and means for supplying liquid under
pressure to the cylinder o operate the piston, in-

cluding valve means for alternately admitting )

. high pressure liquid under the piston and allow-

70

tending into the well and receiving. gas under -

pressure at its upper end, 'a tubular flow line

extending into the well through the tubing and |

adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line. a

ing it to escape from under the piston and a pilot
valve control for the valve means operated by the
said rod whereby the valve means acts so.flow
of fluid to the cylinder is slowly checked upon .
the rod reaching a predetermined point in the
course of its upward movement. ' .

18. In apparatus for elevating. liquid from a
deep well having a casing therein and & 'liner at.
the lower end of the casing, a tubing extending
downwardly in the well and into the fluid therein,
an anchor between the lower end portion .of the
tubing #had the lower end portion of the casing.
in the well holding the lower end portion of the
tubing against movement, a flow line extending
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downwardly through the tubing with clearance,
& gas control valve including a valve barrel de-

" pending from the lower end of the tubing and a

tubular valve plunger depending from the lower

end of the flow line and sliding in the barrel; a.

displacement barrel depending from the lower end
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_ing to the unit so well fluid is displaced by the-
- gas from the unit into the flow line and to.exhaust

* gas from the unit following" displacement of well

of the valve barrel, .an inlet valve at the lower- -

end of the displacement barrel, g flow tube de- -

. pending from the valve plunger into the displace-
ment: barrel to reach the lower portion thereof,
an outlet valve at the upper end of the flow tube,

fluid therefrom, the gas control including a sta-
tionary part carried by the tubing and a recip-
rocating part carried by the flow line, anchor
means located in the well .to check movement of

" the said stationary part, a cylinder and ‘piston

. actuator at the top of the well for lifting the

10

a vent valve in the flow tube below the outlet- -

valve, a fixed stop.in the lower end portion of the

' displacement barrel located at a predetermined
distance below the lower end of the flow tube when.

the valve plunger is at the lower end of its stroke

* in the valve barrel, means supplying high pres- 3
sure gas into the upper end of the tubing, means

supplying lubricant to the upper end of the tub-
~ Ing to flow downwardly therethrough to said valve
barrel and valve plunger to lubricate them, a
density control regulator in the lower end por-
tion of the flow line operable to admit gas from
the tubing to the flow line when a predetermined
bressure differential exists. between the tubing
and the flow line, the said valve plunger having
a part normally fitting the valve barrel to. close
it and being movable upward to a point where it is
out of the valve barrel to allow gas from the tub-

ing to pass through the valve barrel to the dis-
placement barrel, the valve plunger and valve

barrel having cooperating parts allowing gas from

the displacement 'barrel to escape into the well.

casing when the said part of the valve plunger is
located in the valve barrel to close it, an actu-
ator for moving the flow line to reciprccate the
valve plunger including, a cylinder and piston
mechanis
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flow line, and a control for said actuator oper-
able to admit operating fluid under pressure to .
the cylinder to move the piston so that the line
Is moved upwardly and including means con-
trolled by the said line stopping flow of said fluid
to the cylinder to stop upward movement of the
line, ' o : S

. 20, Apparatus for lifting fluid from a well by
gas under .pressure -including, a stationary tub-
ing extending into the well and receiving gas un-~
der pressure at its upper end, a tubular flow line )
extending into the well through the tubing and

adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line, a
-gas control at the said unit operable by reeipro-.
cation of the flow line to admit gas from the tub-
ing to the unit so well fluid 'is displaced by'the

' gas from the unit into the flow line and to ex-
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. the flow line; and a control for said actuator op- .

at the head of the well including -

means for cushioning the piston at the lower end -

of the stroke in the cylinder, means for bodily
adjusting the cylinder and piston mechanism ver-
tically, ‘a tubplar piston rod joined to the upper
end- of the flow line and projecting upwardly
through the said mechanism and carrying the pis-
ton, a fluid delivery line having a vertical sec-

tion with an upper part connected to the.cylin-.

der and piston mechanism to ‘move therewith and
connected with the upper end of the rod to re-
ceive fluid therefrom, a lower part in line with
the upper part and mounted so it is stationary,

and -a slip joint between said parts of the de-

livery line, and means for supplying liquid under
pressure to the cylinder under the piston and for

40

haust gas from the unit following displacement of
well fluid therefrom, the gas control including a
stationary part carried by the tubing and a re-
ciprocating part carried by the flow line, anchor
means on the lower end portion of the stationary
tubing to hold that portion of the tubing so the
.said stationary part does not move, a cylinder and.
piston actuator at the top of the well for lifting

erable to admit operating fluid under pressure to
the cylinder to move the piston so'that the line is -
.moved upwardly and including means controlled
by the said Hne stopping flow of said fluid  to
the cylinder to stop upward movement of the line.
21. Apparatus for lifting fluid from a well by

' gas under pressure including, a stationary tub-

45

ing extending into the well and receiving gas
under pressure at its upper end, a tubular flow
line extending into. the well through the tubing
and -adapted to be reciprocated, & displacement

* unit carried in the well from said tubing and line,

50

exhausting such liquid from under the piston in-

cluding, an accumulator carrying a body of liquid,

- valve means under control of an intermitter for
alternately admitting gas under high pressure to
the accumulator above the liquid therein, a liquid

. connection between the accumulator and cylin- -

der including, an inlet valve and an outlet by-

pass connection around the inlet valve and a

- pilot valve controlling the said inlet valve and
operated  from the piston rod when said rod
‘reaches a predetermined point in its upward

- travel to cause gradual closing of the said inlet
valve. - - - g

.. 19. Apparatus for lifting fluid from a welil by

gas under pressure. including, a stationary tub-

ing extending into the well and receiving gas

under pressure at its upper end, a tubular Sow.

line extending intg, the well through the tubing
and adapted o be reciprocated, a displacement
unit carried in the well from said tubing and line,
a gas control at the said unit operable by recipro-
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& gas control at the said unit operable by recip-
rocation of the flow Bine to admit gas from the
.tubing to the unit so well fluid is displaced by
the gas from the unit into the flow line .and to
exhaust gas from the unit following displace-

ment of well fluid therefrom, the gas control - -

including a stationary part carried by the. tubing
and a reciprocating part carried by the flow line,
anchor means located in the well to check move~
ment of the said stationary part, and an actu-
ator at the top of the well for lifting the flow line.

22. Apparatus for lifting fluid from a well by
gas under pressure, which well has a casing and

" a liner at the lower end of the casing, including,

70

 cation of the flow line to admit gas from the tub- 75

a stationary tubing extending into the well
through the casing and into the liner and re-
ceiving gas under pressure at its upper end, a
tubular flow line extending into the well through
the tubing and adopted to be reciprocated, a
displacement unit-carried in the well from the
lower ends of the tubing and liner, a gas control
at the unit operable by reciprocation of the line
to admit ‘gas from the tubing to the unit so
well fluid is displaced therefrom by the gas into
.the flow line and to exhaust gas from the unit
to the well, the gas control including a stationary
part carried by the tubing and a- reciprocating.
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part carried by the flow line; anchor means lo-
cated in the well to check movement of the
said stationary part, including an anchor be-
tween the tubing and the lower end portion of
~the casing, and an actuator at the top of the
well for lifting the flow line.-

-23. Apparatus for handling well fluid by gas
under pressure including, a stationary tubing ex-
tending into the well and receiving gas under
pressure at its upper end, a tubular flow line
extending into the well through the tubing and
adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line,
a gas control at the unit operable by reciproca-
tion of the flow line to admit gas from the tubing
to the unit to displace well fluid from the unit
into the flow'line when the said line approaches

10
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the upper end of its stroke and to exhaust gas .

from the unit following displacement of well
fluid therefrom, a cylinder-and piston actuator at
the top of the well for lifting the flow line, and

20

a control for said actuator operable to admit .

operating liquid under pressure to the cylinder
to move the piston so the line is moved up-
wardly including an accumulator handling said
liquid and holding gas to exert pressure on the
liquid, an inlet valve controlling gas flow to the
accumulator, an exhaust valve controlling ex-
haust of gas from the accumulator, an inter-
mitter controlling the inlet and exhaust valves
to alternately open and close them, a liquid
handling connection between -the accumulator
and cylinder, a control valve in said connection,
and means controlling the control valve from the
flow line so the control valve closes- slowly fol-
lowing operation of the gas control to admit gas
tothe pump.

24, Apparatus for handling well fluid by gas
under pressure including, a stationary tubing ex-
tending intc the well and receiving gas under
pressure at. its upper end, a tubular flow line
extending into the well through the tubing and
adapted to be reciprocated; a displacement unit
carried in the well from said tubing and line,

a gas control at the unit operable by reciproca- .

tion of the flow line to admit gas from the

tubing to the unit to displace well fluid from the .

unit into the flow line when the said line ap-
proaches. the upper end of its stroke and to

exhaust gas from the unit following displacement ;

of well fluid therefrom, a cylinder and piston
actuator at the top of the well for lifting the
flow line, and a control for said actuator oper-
_able to admit operating liquid under pressure fo

the cylinder to move theé piston so the line is';

‘moved upwardly including an accumulator han-
dling said liquid and holding gas to exert pres-
sure on the liquid, a liquid level control in con-
‘nection with the accumulator to stop flow there-
from wheh the liquid level in the accumulator
drops below a predetermined point, an inlet valve
controlling gas flow to the accumulator, an ex-
» haust valve controlling exhaust of gas from the
"~ accumulator, an intermitter controlling the inlet
and exhaust valves to alternately open and close
them, a liquid handling connection between the
“accumulator and cylinder, a control valve in said
connection, and means controlling the controi
valve from the flow line so the control valve closes
following operation of the gas control to admit
gas to the pump.
25. Apparatus for handling well fluid by gas
under pressure. including, a stationary tubing
extending into the well and receiving gas under

pressure af its -upper end, a tubular flow line ex-
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tending into the well through the tubing and
adapted to be reciprocated, a dxsp]acemen unit
carried in the well from saxd tubing a.nd line,

a gas control at the unit operable by reciproca-
tion of the flow line to admit gas from the tubing
to the unit to displace well fluid from the unit
into the flow line when the said line approaches
the upper end of its stroke and to exhaust gas_
from the unit following displacement of well fluid
therefrom, a cylinder and piston actuator at the
top of the-well for lifting the flow line, and a
control for said actuator operable to admit oper-
ating liquid under pressure to the. cylinder to
move the piston so the line is moved upwardly .
including an .accumulator handling said liquid
and holding gas to exert pressure on the liquid,
and a liquid level control in connection with the
accumulator to stop flow therefrom when the
ligquud level in the accumulator drops below a
predetermined point.

26. Apparatus for handling well fluid by gas
under pressure including, a stationary tubing ex-
tending  into the well and receiving  gas under
pressure at its upper end, a tubular fiow line ex<
tending into the well through the tubing and
adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line,
a gas control at the unit operable by reciproca-

‘tion of the flow line to admit gas from the tub-

ing to the unit to displace well fluid from the
unit into the flow line when the said.line ap-
proaches the upper end of its stroke and to ex-
haust gas from the unit following displacement
of well fluid therefrom, a cylinder -and piston

‘actuator at the top of the well for lifting the

- flow line, means for gradually. stopping the pis-
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ton at the lower end of its stroke in the cylinder,
and g control for said actuator operable to admit
operating liguid under pressure to the cylinder
to move the piston so the line is moved up-
wardly including means acting to gradually stop
fiow of liquid to the cylinder.

27. Apparatus for handling well fluid by gas
under pressure including, a stationary tubing ex-
tending into the well and receiving gas under
pressure at its upper end; a tubular flow line
extending into the well through the tubing and
adapted .to be reciprocated, a displacement unit
carried in the well from said tubing and line,
a gas control at the unit operable by reciproca-
tion of the flow line to admit gas from the tub-
ing to the unit to displace well fluid from the unit

~into the flow line when the said line approaches

the upper end of its.stroke and to exhaust gas
from the unit following displacement of well fluid.
therefrom, a cylinder and piston actuator at the,
top of the well for lifting the flow line, means

for gradually stopping the piston at the lower

end of its stroke in the cylinder including coop-
erating parts in connection with the cylinder and
piston trapping a body of fluid for gradual es-
cape, and a control for said actuator operable
to admit operating liquid under pressure to the
cylinder to move the piston so the line is moved

5 ‘upwardly including means acting to gradually

stop flow of liquid to the cylinder,

28. Apparatus for handling well fluid by gas .
under pressure including, a stationary tubing ex-
tending into the well and receiving gas under
pressure at its upper end, a tubular flow line ex-
tending into the well through the tubing and
adapted to be reciprocated, a displacement unit
carried in. the well from said tubing and line
and including a stationary barrel forming a dis- -
placement chamber, a flow tube to be recipro-
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cated in the barrel and valves controlllng flow
of well fluid through the chamber, a gas control
at the unit operable by reciprocation of the flow
line to admit gas from the tubing to the pump to
displace well fluid from the unit into the flow line
when the said line approaches the upper end
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of its stroke and to exhaust gas from the unit

following displacement of well fluid fherefrom

including a tubular valve barrel forming a con- -

nection between the tubing and barrel of the unit
and a valve plunger forming a:coupler angd fluid
connection between the flow line and flow tube
and slidably operating in the .valve barrel, a

36 L

ing displacement of well fluld therefrom lnclud-
ing a tubuldr valve barrel forming g connection
between the tubing and barrel of the tunit and a
valve plunger forming a coupler and fluid con-
nection between the flow line and flow tube and

. slidably operating in the valve barrel, a density
.control regulator in the flow line adjacent the

gas control to admit gas from the tubing to the

. flow line when a predetermined pressure differ-
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density control regulator in the flow line adja- -

cent the gas contro}l fo admit gas from the tub-
ing to the flow line when a predetermined pres-
sure differential exists between the tubing and
flow line, a cylinder and piston actuator at the
top of the well for lifting the flow line, and a
control for said actuator operable to admit oper~
ating liquid under pressure to the cylinder to
move the piston so the line is moved upwardly
including a control] valve controlling flow of lig-
uid to the cylinder, a pilot valve controlling the
control valve, and an operating element on the
flow line cooperating with the pilot valve.

29. Apparatus for handling well fluid by gas
under pressure including, a stationary tubing
" extending into the well and receiving gas under
pressure at its upper end, an anchor holding the
lower end portion-of the tubing against move-
ment in the well, a fubular flow line extending
into the well through the tubing and adapted
to be reciprocated, a displacement unit carried
" in the well from said tubing and line and includ-
ing a stationary barrel forming a displacement
chamber, a flow tube tc.be reciprocated in the
barrel and valves controlling flow of well fluid
through the chamber, a gas contro] at the unit
operable by reciprocation of the flow line to ad-
. mit gas from the tubing to the pump to displace
well fluid from the unit into the flow line when
the said line approaches the upper end of its
stroke and to exhaust gas from the unit follow-
ing displacement of well fluid therefrom includ-
ing a tubular valve barrel forming a connection
between the tubing and barrel of the unit and a

valve plunger forming a coupler and fluid con--

nection between the flow line and flow tube and
slidably operating in the valve barrel, a cylin-
der and piston actuator at the top of the well
for lifting the flow line, and a control for said
actuator operable to-admit operating liquid under
pressure to the cylinder to move the piston so
the line is moved upwardly including a control
valve controlling flow of liquid to the cylinder,

a pilot valve controlling the control valve, and
: an operating element on the ﬁow line cooperat-
ing with the pilot valve..

: 30. Apparatus. for handling well ﬂuxd by gas
under pressure including; a stationary tubing ex-
-tending into the well and receiving gas under
pressure at its upper-end, a tubular flow line ex-
. tending into the well through the tubing and
adapted to be reciprocated, a displacement unit
ccarried in the well from said tubing and line and
including a stationary barrel forming a displace-
ment chamber, a flow tube to be reciprocated in
the barrel and valves controlling flow of well fluid
through the chamber, a gas control at the unit
operable by reciprocation of the flow line to ad-

mit gas from the tubing to the pump to displace:

well fluid from the unit.into the flow line when
the said line approaches the upper end of its
stroke and. to exhaust gas from the unit follow-
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ential exists between the tubing and flow line, .
an unloading valve in the flow line operable {o
open when pressure in the flow line exceeds that
in the tubing so fluid in the flow line passes into
the tubing, a cylinder and piston actuator at the

" top of the well for lifting the flow line, and a

control for said actuator operable to admit op-

" erating liquid under pressure to the cylinder to
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move the piston so the line is moveq upwardly

including & control valve controlling flow of lig-
uid to the cylinder, a pilot valve controlling the -
control valve, and an operating element on the
flow line cooperating with the pilot valve.

31, Apparatus for ‘handling well fluid by gas
under pressure including, a stationary tibing ex-
tending into the well and receiving gas under
pressure at its upper end, a tubular fiow line ex-

" tending into the well through the tubing and
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adapted to be reciprocated, a displacement unig
carried in the well from said tubing and line and

y including a stationary barrel forming a displace-

ment chamber, a flow tubs to be reciprocated in
the barrel and valves controlling flow of weli fluid
through the chamber, a gas control at the unit
operable by reciprocation of the flow line to ad-
mit gas from the tubing to the pump to displace
well fluid from the unit into the flow line when

- the said line approaches the upper end of its

stroke and to exhaust gas from the unit follow-
ing displacement of well fluid therefrom including
a tubular valve barrel forming & connection be-
tween the tubing and barrél of the unit and a
valve plunger forming a coupler and fluid con-
nection between the flow line and flow tube and
slidably operating in-the valve barrel, means sup-
plying lubricant to the tubing for lubricating the
gas control, a cylinder and piston actuator at the
top of the well for lifting the flow line, and & con-
trol for said actuator operable to admit operat-
ing liquid under pressure to the cylinder to move
the piston so the line is moved upwardly including
a control -valve controlling flow of liquid to the
cylinder, a pilot valve controlling the control
valve, and an operating element on the flow. line
cooperating with the pilot valve.

32. Apparatus for handling well fluld by gas

. under pressure including, a stationary tubing ex- -

tending into the well and receiving gas under

| pressure at its upper end, an anchor holding the

- lower end portion of the tubing against move-
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ment in the well, a tubular flow line extending
into the well through the tubing and adapted to
be reciprocated, a displaceinent: unit carried in
the well from said tubing and line and including
a stationary barrel forming a displacement cham-.
ber, a flow tube to be reciprocated in the barrel
and valves controllinig flow of well fluid through

‘the chamber, a gas control at the unit operable

by reciprocation of the flow line to admit gas from
the tubing to the pump to displace well fluid

from the unit into the flow line when the said

line approaches the upper end of its stroke and
to exhaust gas from the unit following displace-
ment of well fluid therefrom including a tubular
valve barrel fofming a connection between the
tubing and barrel of the unit and a valve plunger
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forming a coupler and fluid connection between
the flow line and flow tube and slidably operating

in the valve barrel, a density control regulator in -

" the flow. line adjacent the gas contirol to admit
gas from the tubing to the flow line when a pre-
determineq pressure differential exists between
~ the tubing and flow line; an unloading valve in
the flow line operable to open when pressure in
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ing into a well, means in the well controlled by
movement of said member acting to circulate

“fluid up through said member, and an actuator '

for said member located at the top of the well
and including, a cylinder and piston mechanism,
a tubular rod extending vertically through the

mechanism and’ carrying the piston and con-

the flow line exceeds that in the tubing so fluid in

the flow line passes into the tubing, means sup-

10

plying lubricant to the tubing for lubricating the -

gas control, a cylinder and piston actuator at the

top of the well for lifting the flow line, and a

econtrol for said actuator operable to admit oper-
ating liquid under pressure to the cylinder fo

move the piston so the line is moved upwardly -

including a control valve controlling flow of liq-
-uid to the cylinder, a pilot valve controlling the
control valve, and an operating’ element on the
flow line cooperating with the pilot valve.

33. Apparatus for handling well fluid by gas

under pressure including, a stationary tubing ex--

tending into the well and.receiving gas under
pressure at its upper end, a tubular flow line ex-
tending into the well through the tubing and
adapted to be reciprocated,. a-displacement unit
carried in the well from said tubing and line and
including a stationary barrel forming-a displace-
ment chamber, a flow tube to be reciprocated in
the barrel and valves controlling flow of well fluld
through the.chamber, there being a valve con-
trolling flow from the upper end of the flow tube
into the flow line, a vent valve in the upper end

portion of the flow tube below the last mentioned.

valve operable to vent gas from the flow tube
when the said last mentioned valve is closed. a gas
control .at the unit operable by reciprocation of
the flow line to admit gas from the tubing to the
pump to disnlace well fluid from the unit into the
flow line when the said line approaches the upper
end of its stroke and to exhaust gas from the unit

following displacement of well fluid therefrom in~

cluding a tubular valve barrel forming a connec-
tion between the tubing and barrel of the unit and
a valve plunger forming a coupler and fluid con-
nection between the flow line and flow tube and

15
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nected to said member to conduct fluid from said
member. up  through the cylinder  and piston
mechanism, means for adjusting the cylinder -
and piston mechanism vertically including a
stationary flange and means adjustably connect-
ing the flange and ¢ylinder, and a delivery con-
duit to receive fluid from the upper end of the
rod including a vertically disposed section with,
an upper part connected with the cylinder to
move therewith and receiving fluid from the rod,

‘a lower part connected with the flange to move

therewith, and a slip joint between the parts.
36. In combination, a tubular member extend-

- ing into a well, means in the well controlled by.
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movement of said member acting to circulate
fluid up through: said member, and an actuator

"for said member located at the top of the well

and including, a cylinder and piston mechanism,
a tubular rod extending vertically through the
mechanism and carrying the:piston and con-
nected to said member forming a flow. conduct-
ing continuation thereof, means for adjusting
the cylinder and piston mechanism vertically,
and a delivery conduit to receive fluid from the
upper end of the rod including a vertically dis-
posed section with an upper part, a head re-
celving fluid from the rod and delivering it to the -
said ‘upper part, a lower part in line with the
upper part, and s slip joint connecting the parts
so they remain connected as the mechanism is
adjusted. A

317. Appara.tus for lifting fluid from a well by
gas under pressure including an anchored tubing
in the well and receiving gas under pressure at -
the upper end of the well, a tubular flow line
in the well spaced within the anchored tubing.

- and adapted to be moved, a displacement cham-
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slidahly operating in the valve barrel, a cylinder .
and piston actuator at the top of the well for.
lifting the flow line, and a control.for said actu- .

ator. operable to admit operating liquid under.

pressure to the cylinder to move.the piston. so

the line is moved upwardly including g control .
valve controlling flow -of liquid to the eylinder, -

a pilot valve controlling the control valve, and an

operating element on the flow line cooperating .:

with the pilot valve. .

34, In combination, a tubular member extend-
ing into a well, means in the well controlled by
movement of said member acting to circulate
fluid up through said member, and.an actuator
for sald member located at the top of the well

ber and valve mechanism suspended in the well
from said tubing and flow line, a flow tube on
the lower end of the flow line extending into the
chamber, a gas control valve at the upper end
of the chamber operable by movement of the flow
line to admit gas from the anchored tubing to the
chamber to displace well fluid therefrom into the
flow line and to exhaust gas from the chamber
into the well externally of the anchored tubing

. following the displacement of well fiuid from the

chamber, means supplying lubricant to the tub-

Ing to lubricate the gas control valve, g vent

--valve to exhaust gas from the flow fube to the

chamber, a density control regulator to admit . .

" gas from the anchored tubing to the flow line at
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and including, a cylinder and piston mechanism, -

a tubular rod connected with the upper end of
the said tubular member and extending vertical-
ly through the mechanism and carrying the pis-
ton and passing fluid received from said mem-
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- ber, means for adjusting the cylinder and piston -

mechanism vertically, and a delivery conduit to
receive fluid from the upper end of the rod in-
cluding a vertically disposed section with an up-
per part receiving fluid from the rod, a lower
part in line with the upper part, and a slip joint:

70

connecting the parts so they remain connécted

as the mechanism is adjusted.
35 In combmation, a tubular member extend-

75

its lower end portion -to control the density .of
the material in said flow line, and means for
moving the flow hne to operate the gas control
valve. .
. 38. Apparatus for liftmg fluid from a Well by
gas under pressure including an anchored tubing .
in the well and receiving gas under. pressure at
the upper end of the well, & tubular flow line .
in the well spaced within the anchored tubing
and adapted to be moved, a displacement cham-
ber and valve mechanism suspended in the well
from said tubing and flow line, a flow tube on’
the lower end of the flow line extending into the
chamber, a gas confrol valve at the upper ‘end
of the chamber operable by movement of the flow -
line to admit gas from the anchored tubing to.
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the cha.m‘ber to displace well fluld therefrom

into the flow line and to exhaust gas from the -

chamber into the well externally of the anchored
tubing following the displacement of well fluid
from the chamber, means supplying lubricant to
the tubing at the top of the well so it flows down
therethrough to the gas control valve to lubricate

the gas control valve, a vent valve to exhaust gas

from the flow tube to the chamber, a density
control regulator to admit gas from the anchored
| tubing to the flow line at its lower end portion
. to control the density of the material in said flow

ber and va]ve mecha.nlsm suspended in the well _
from said tubing and flow-line, a flow tube on
the lower end of the flow line extending into
the chamber, a gas control valve at the upper

- end. of the chamber operable by movement of

the flow line to admit gas from the anchored.
tubing to the chamber to displace well fluid there-

‘from into the flow line and to exhaust gas from .

- the chamber into the well externally of the an-

10

" line, and means for moving the flow line to op- -

erate the gas control valve.

39. Apparatus for lifting fluld from a well by
gas under pressure including an anchored tubing
in the well and receiving gas under pressure at
the upper end of the well, a tubular flow line in
the well spaced within the anchored tubing and

adapted to be moved, a displacement chamber

. and valve mechanism suspended in the well from-

said tubing and flow line, a flow tube on the lower
end of the flow line extending into the chamber,
8 gas control valve at the upper end of the cham-
ber operable by movement of the flow line to
admit gas from the anchored tubing to the cham-

ber to displace well fluid therefrom into the flow:

line and to exhaust gas from the chamber into
" the well externally of the’ anchored tubing fol-
lowing the displacement of well fluid from the
chamber, a vent valve to exhaust gas from the

flow tube to the chamber, a density control regu- .

lator to admit gas from the anchored tubing to
- the flow line at its lower end portion to control
the density of the material in said flow line, an
unloading valve in the flow line above the regu-

lator to allow flow from the flow line to the

tubing when pressure in-the flow line exceeds
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chored tubing following the displacement of well
fluid from the chamber, & vent valve to exhaust
gas from the flow tube to the chamber, a den-
sity control regulator to admit gas from the
anchored tubing to the flow line at its lower end.
portion to control] the density of the material in
said flow line, and means for moving the flow

. line to operate the gas control valve.

20

42. Apparatus for lifting fluid from a well by,
gas under pressure including a tubing in the
well and receiving gas under pressure at the up-
per end of the well, means anchoring the lower
end portion of the tubing in the well, a tubular.

‘ flow line in the well spaced within the anchored

. tubing and. adapted to be moved, a displace-
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‘that in the tubing, and means for moving the

flow lihie to operate the gas control valve.
40. Apparaﬁus for lifting fluid from a well by

gas under pressure including an anchored tubing .

in the well and receiving gas under pressure at

| the upper end of tHe well, a tubular flow line in

the well spaced within the anchored tubing and
adapted to be moved, a displacement chamber
and valve mechanism suspended in the well from

said tubing and flow line, a flow tube on the lower -

40

45

ment chamber and valve mechanism suspended in .
the well from said tubing and flow line, a flow
tube on the lower end of the flow line exfend-
ing into the chamber, a gas control valve at
the upper end of the chamber operable by move-
mént of the flow liné {o admit gas from the an-

_chored tubing to the chamber to displace well

fluid therefrom into the flow line and to exhaust
gas from the chamber into the well. externally '
of the anchored tubing following the displace-
ment of well fluid from the chamber, means sup-
plying lubricant to the tubing to lubricate the
gas control valve, a vent valve to exhaust gas
from the flow fube to the chamber, a density -
control regulator to admit gas from the an-
chored tubing to the flow line at its lower end
portion to control the density of.the material
in said flow line, an unloading valve in the flow
line above, the regulator to allow flow from

‘the flow line-to the tubing when pressure in the

flow line exceeds that in the tubing, and means
for moving the flow line to operate the gas con-

" trol valve. -

end of the flow line extending into.the chamber, . -

g gas control valve at the upper end of the cham-

ber operable by movement of the flow line to
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admit gas from the anchored tubing to the cham-
ber to displace well fluid therefrom into the flow .-

line and to exhaust gas from the chamber into
the well externally of the anchored tubing fol-
lowing the displacement of well fluid from the
chamber, means supplying lubricant to the tubing
to: lubricate the. gas control valve, a vent valve
to exhaust gas from the flow tube to the cham-
ber, a density control regulator to admit gas
from the anchored.tubing to the flow line at 1ts

lower end portion to control the density of the

material in said flow line, an unloading valve in

60

_the flow line above the regulator to allow flow -

.. from the flow line to the tubing when pressure
in the flow line exceeds that in the tubing, and
‘means for moving the flow line to operate the

, eas ‘control valve.

41, Apparatus for lifting fluid from a well by
gas under pressure-including tubing in the well

and receiving gas-under pressure a{ the upper

end of the well, means anchoring the lower end

. portion of the tubing in the well, a tubular flow

} line in the well spaced within the anchored tubing
and adapted to be moved, & displacement cham

43, Apparatus for lifting fluid from a well by
gas under pressure including an anchored tubing

in the well and receiving gas under pressure at

the upper end of the well, a tubular flow line in .
the well spaced within the anchored tubing and

adapted to be moved, a displacement chamber and . -

valve mechanism suspended in the well from said
tubing and flow line, a flow tube on the lower
end of the flow line extending into the chamber
to reciprocate therein, a gas control valve at the
upper end of the chamber operable by movement
of the flow line to admit gas from the anchored
tubing to the chamber to displace well fluid there-
from into the flow line and to exhaust gas from
the chamber into the well externally of the an--
chored tubing following the displacement of well
fluld from the chamber, the control valve hav-
ing a part reciprocating with the flow tube and a
part held stationary by the tubing, a fixed stop

" in the lower end portion of the chamber located
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a predetermined distance bzlow the gas- control
valve to be engaged by the flow tube when it
is a predetermined distance below the lower end -
of its normal travel, a vent valve to exhaust.gas
from the flow tube to the chamber, a density con-
trol regulator to admit gas from the anchored
tubing to the flow line at its lower end portion
to control the density of the material in said .
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flow line, and means for moving the flow line to
operate the gas control valve.

44. Apparatus for lifting fluid from a well by .

" gas under pressure including an anchored tub-
ing in the well and receiving gas under pressure

at the upper end of the well, g tubular flow line .

in the well spaced within the anchored tubing

.and adapted to be moved, a displacement cham-

ber and valve mechanism suspended in the well
from said tubing and flow .line, a flow tube on
the lower end of the flow line extending into
the chamber to reciprocate therein, a gas con-

10

trol valve at the upper end of the chamber op- .

erable by movement of the flow line to admit zas
‘from the anchored tubing to the chamber to dis-
place well fluid therefrom into the flow line and
to exhaust gas from the chamber into the well
externally of the anchored tubing following the
displacement of well fluid from the chamber, the
control valve having a part reciprocating with
the flow tube and a part held stationary by the

tubing, a fixed stop in the lower end portion of’

the chamber located a predetermined -distance
below the gas control valve to be engaged by the
flow tube when it is a predetermined distance
below the lower end of its normal travel, means
supplying lubricant to the tubing to lubricate the
gas control valve, a vent valve to exhaust gas
from the flow tube to the chamber, a density con-
trol regulator to admit gas from the anchored
tubing to the flow line at its lower end postion
-to control the density of the material in said flow
line, an unloading :valve in the flow line above
the regulator to allow flow from the flow line to
the tubing when pressure in the flow line eX-
ceeds that in the tubing, and means for moving
the flow line to operate the gas control valve.
45. Apparatus for lifting fluid from a well by
gas under pressure including an anchored tub-
ing in the well and receiving gas under pressure
at the upperrend of the well, a tubular flow line
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in the well spaced within the anchored tubing

and adapted to be moved, a displacement cham-
ber and valve mechanism suspended in the well

from said tubing and flow line, a flow tube on the -

Jdower end of the flow line extending into the
chamber, a gas control valve at the upper end of
the chamber operable by movement of the flow
line to admit gas from the anchored tubing to
the chamber to displace well fluid therefrom in-
to the flow line and ‘to exhaust gas from the

50

chamber into the well externally of the anchored

tubing following the displacement of well ﬂuid
from the chamber, a vent valve to exhaust 7a
from the flow tube to the chamber, a density con-
tro! regulator to admit gas from the anchored
tubing to the flow line at its lower end portion
to control the density of the material in said flow
line, and means for moving the flow line to oper-.
ate the gas control valve.

46. Apparatus for lifting fluid from. a well by
gas. under pressure including, a stationary tubing
extending into the well and receiving gas under
pressure at its upper end, a tubular flow line cx-
tending into the well through the tubing and
‘adapted to be recinrocated, a displacement unit
carried in the well from said tubing and line, a
gas control at the said unit operable by recipro-
cation of the flow line to admit gas from the tub-
" ing to the unit so well- fluid is displaced by the
gas from the unit into the flow line and to ex-
haust gas from the unit: following displacement

of well fluld therefrom, a cylinder and piston ac-

tuator at the top of the well for lifting the flow
line and a control for said actuator operable to
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admit operating fluid under pressure to the cyl-
inder to move the piston so that the line is moved

‘upwardly and including means controlled by the

said line stopping flow of said fluid to the cylin-
der to stop upward movement of the line,’ and a
time control governing the escape of fluid from

‘the cylinder followmg stopping of flow by said

means.
47. Apparatus for lifting fluid from a well by

‘gas under pressure including, a stationary tub-

ing extending into the well and receiving gas un-
der pressure at its upper end, a tubular flow line
extending into the well through the tubing and
adapted to be reciprocated, a displacement unit -
carried in the well from said tubing and line, g
gas control at the said unit operable by recipro-

- cation of the flow line to admit gas from the tub-

ing to the unit so well fluid is displaced by the
gas from the unit into the flow line and to ex-

‘haust gas from the unit following displacement

of well-fluid therefrom, a cylinder and piston ac-
tuator at the top of vhe well for lifting the flow
line, "and a control for said actuator operable to
admit operating fluid under pressure to the cyl-
inder to move the piston so that the line is moved
upwardly and including means controlled by the
said line stopping flow of said fluid to the cylinder

to stop upward movement of the line, and a time .

control governing the escape of fluid from the
cylinder following stopping of flow by said means
and governing admission of fluid to the cylinder
following escape of fluid therefrom.

48. Apparatus for lifting fluid from a well by
gas under pressure including, a stationary tubing
extending into the well and receiving gas under
pressure at its upper end, a tubular flow line ex-
tending into the well through the tubing and

adapted to be reciprocated, g displacement unit
carried in the well from said tubing and line,
a gas control at said unit operable by reciproca-
tion of the flow line to admit gas from the tubing
to the unit so well fluid is displaced by the gas
from the unit into the flow line and to exhaust
gas from the unit following displacement of -
well fluid therefrom, a cylinder and piston actu-
ator at the top of the well for lifting the flow line,
and a control for said actuator operable to admit .
operating fluid under pressure to the cylinder.
to move the piston so that the line is moved up-
wardly and including means controlled by the
said line stopping flow of said fluid to the cylinder
to stop upward movement of the line, and a time
control governing the escape of fluig from the
cylinder following stopping of flow by said means
and governing admission of fluid to the cylinder
following escape of fluid therefrom. the time con-
trol including means for adjusting the time inter-
val between the escape of fluid from the cyl-
inder and the admission of fluid thereto.

49. Apparatus for lifting fluid from a well by

.gas under pressure including, a stationary tubing

extending into the well and receivine gas under
pressure at its upper end, a tubular flow line ex-
tendmg into the well through the tubing and.
adapted to be reciprocated, a displacement unit
carried in the well from said tubing and line, a
gas-control at the said unit operable by recip-
rocation of the flow line to admit gas from the

- tubing to the unit so well fluid is displaced by
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the gas from the unit into the flow line and to
exhaust gas from the unit following displacement
of well fluid therefrom, -a cylinder and piston
actuator at the top of the well for lifting the flow
line, and a control for said actuator operable to
admit operating fluid under pressure to the cyl-




9,416,369

43
inder to move the piston so that the Hne is moved
upwardly and including means controlled by the
said line=stopping flow of said fluid to the cyl-
inder to stop upward movement of the line, and

a time control governing the escape of fluid from

the cylinder following stopping of flow by said
means and governing admission of fluid to the

cylinder following escape of fluid therefrom, the -

time control including means for adjusting the
time interval between successive admissions of
. fluid to the cylinder. -

50. Apparatus for lifting fluld from a well by
gas under pressure including, a stationary tubing
extending into the well and receiving gas under
pressure at its upper end, a tubular fiow line ex-
tending into the well through the tubing and

10
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- adapted to be reciprocated, a displacement unit

carried in the well from said tubing and line, a
gas control at the said unit operable by recipro-
cation of the flow line to admit gas from-the

20

tubing to the unit so well fiuid is displaced by the .

gas from the unit into the flow line and fo ex-
haust gas from the unit following displacement
of well fluid therefrom, a cylinder and piston
actuator at the top of the well for lifting the flow
line, and a control for said actuator operable to
admit operating fluid under pressure to the cyi-
inder to move the piston so that the line is moved
upwardly and including means controlled by the
- said line stopping flow of said fluid to the cylinder
to stop upward movement of the line, and a time
~ eontrol governing the escape of fluid from the
cylinder following stopping of fiow by said means
and governing admission of fluid to the cylinder
following escape of fluld therefrom, the time
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control including means for adjusting the time
interval between successive admissions of fluid to
the cylinder and means for adjusting the time
interval between the escape of fluid from the cyi-
inder and the admission of fluid thereto.

51, Apparatus for lifting fluid from a well by -
gas under pressure including, displacement means
for location in the well, a valve in the well con-
trolling admission of operating gas to the said
means, the valve being a slide valve with a sta-
tionary body and reciprocating core, means hoid-
ing the valve body stationary in the well, and an
operating string for the core of the va.lve extend-|
ing from the valve to the top of the well, and;
means at the top of the well recxprocatlng the }

“sald string from its upper end, the vaive having *

provision for overtravel at the ends of its stroke -
to allow for “stretch of the said string under
varying operating conmtions
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