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My invention relates in general to apparatus
for pumping fluids from wells and, more particu-
larly, to an apparatus which includes a recipro-
cating pump of the fluid-operated: type, a pri-

loads on the system.

power oil.

ing fluid.

through suitable
mechanisms.

damage to other components of the installation

16 Claims. (Cl 103—46)

2 .

in which the pump is incorporated, it is essen-
tial to minimize any shock loads which may origi-
nate in the pump, the provision of an apparatus
for absorbing such shock loads being the pri-

In some

Also, in fields sub-

mary  object of the invention being to provide ® mary object of the present invention. Shock
an apparatus of this character having means as- loads may be developed in the pump under vari-
sociated therewith for absorbing fluid pressure ‘eus conditions of operation, one of these being
variations which may impose hydraulic shock the condition resulting when the load on the
pump piston decreases suddenly due, for ex-
Reference is hereby made to my copending ap- 19 ample, to the presence of air or gas in the pump
plications Serial Nos. 18,768 and 26,305, fled cylinder. The fluid entering the well casing from
April 3, 1948, and May 11, 1948, respectively, now an adjacent oil producing formation may con-
Patents Nos. 2,576,923 and 2,576,924, respectively.. tain considerable quantities of natural gas, the
Fluid-operated pumps are used extensively in amounts present depending upon the amount
the oil industry for pumping oil from wells and !9 present in the formation and depending upon
are well known in the art so that a detailed prevailing conditions of pressure, temperature,
description thereof herein "is unnecessary, an ete. Sudden decreases in the load on the pump
example of such a pump being disclosed in my piston may also result if the well is operated
Patent No. 2,134,174, issued October 25, 1938. beyond its capacity so that air or gas is drawn
Briefly, such a fluid-operated pump comprises a 20 into the pump cylinder as a result of recession of
- motor section and a pump section and is set in the fluid level below the pump inlet.
the well at the level from which oil is to be instances, the well casing may be connected 0 a
pumped. A power tubing for conveying operat- vacuum line so that the pressure on the gas may
ing fluid under pressure to the pump and a pro- be less than atmospheric.
duction tubing for conveying oil and other fluids 25 jected to partial vacuums, air may be drawn into
discharged by the pump to the surface are con- the well casing if it is left open.
nected to the motor and pump sections, respec- Since the pump piston reduces the pressure in
tively. The operating fluid is usually clean crude the pump cylinder below that prevailing in the
oil and will be referred to hereinafter as the well as it draws well fluid into the pump ecylin-
For convenience, the combination of 3¢ der, any gas present in the well fluid in solution
fluids pumped, which may include oil, water, etc., or in suspension may be liberated in the pump
will be referred to hereinafter as the production cylinder with the result that a quantity of liquid
fluid. In the event that the spent operating Auid sufficient only o partially fill the pump cylinder
is discharged into the production- tubing, the is drawn thereinto, the balance of the pump cy-
production fluid also includes such spent operat- 35 linder being filled with gas. Similarly, the pump
cylinder may be partially filled with air or gas
The motor section of the pump includes a at a low pressure if the wall is pumped beyond
cylinder having a piston therein and includes an its capacity. Consequently, when the direction
engine valve mechanism for admitting the power of movement of the pump piston is reversed, the
oil into af least one end of the motor cylinder 40 Pump piston acts only on the air or gas in the
periodically so as to reciprocate the motor pis- pump cylinder for at least a portion of the stroke.
ton. The pump section includes a eylinder hav- Since the air or gas is highly compressible, it
ing a piston therein which is connected to the offers but little resistance to movement of the
motor piston so that the reciprocating motion pump piston so that the motor and pump pis-
of the motor piston is communicated to the 45 tons, being directly connected, may accelerate to
pump piston.. The latter draws fluid from the = an-extremely high speed. In many instances, the
well and discharges it into the production tubing speed attained by the pistons may greatly ex-
intake and exhaust valve ceed their normal operating speed, the reason
Fluid-operated pumps: normally for this being that a considerable amount of
used in the oil industry may be of either the 50 Dotential energy is normally stored in the power
single-acting or double-acting type. oil supply system at the pressures usually em-
In order to prevent excessive wear and pos- bloyed because of the compressibility of the .
sible breakage of the various parts of such fluid- column of power oil in the power tubing and the
operated pumps, and in order. to prevent possible expansibility of the power tubing. Such a poten-
55 i

tial energy is released when the load on the pump
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piston decreases and may accelerate the motor
and pump pistons to a speed far in excess of
their normal operating speed.

When the pump piston, moving at an abnor-
mally high speed, strikes liquid in the pump cy-
linder, severe shock loads are developed which
may cause extensive damage to the pump in the
form of excessive wear, scoring, seizing and even
breakage of parts. Moreover, pressure surges
of considerable magnitude may be produced in
the power oil and produotmn ﬂwd colurnns a,bove
the pump and may result in abnormal stressing
of and possible damage to other components of
the system. Also, if the well fuid being pumped
contains a large percentage of water, which is
frequently the case, shock loads originating in
the pump may be particularly severe, the reason
for this being that the compressibility of water
is less than that of crude oil. Consegquently,
when water is present, the comnressmlhty of the
production fluid column above the pump is ma-
tenally reduced, as compared to the compressi-
bility of a production fiuid column consisting of
relatively pure crude oil, or a mixture of crude
oil and gas, so that the amount of energy which
i} is capable of absorbing is materially decreased.
Also, if air is drawn into the pump under shock
loading conditions with water present, hoth me-
chanical faﬂure and corrosion are greatly ae-
celerated for two reasons: first, the presence
of oxygen reduces the fatigue strength of the
material; and, second, the high stresses pro-
duced by shock loads inerease the chemical
action at points of maximum stress.

A governor located in close proximity to the
pump may be employed to reduce the rate of flow
of power oil to the motor section of the pump in
response to decreases in the load on the pump
piston so as to reduce the piston speed which
- would otherwise be attained, an example of such
3 governor being disclosed in my Patent No.
2,311,157, issued February 16, 1943, FHMowever,
due to the fact that such a governor tends to
operate only after the conditions which resulf in
aceceleration of the mofor and pump pistons have
already developed, there may. he some lag in its
-operation. Consegquently, even if a governor is
‘employed, shock loads of undesirably large mag-
nitude may be produced, although such shock

}oads are, of course, greatly reducad as a 1esu1t {

of the usé of the governor.

‘Even when 2 fluid-operated pump of the type
disclosed in my Patent No. 2,134,174, for example,
is operatmg under norma,l conditions, i. e., when

little or no gas or air is present in the Well fuid !

bemg pumped, pressure pulsatlons ‘are produced
in both the power oil and tke production Buid
columns due to the fact that the motor and pump
pistons stop momentarily at the eénds of their
strokes. This resulfs in an increase in the pressure
of the power oil and a decrease in the pressire of
the production fiuid. The amount of dwell at
the ends of the strokes may be controlled with
an engine valve of the type dlSClOSEd in my Pat-
ent No. 2,134,174, it being des1rab1e %o have suf-
ficient dwell to allow {ime for the pump valves to
seat. If the time allowed for the pump valves
to seat is too sreat, excessive presstre pulsations
jn both the power oil and production fliid ecl-
umns result, and, if the time allowed istoo small,
gerious pressure pulsations in the production fiuid
columns result. It is impractical and, in many
mstances impossible to eliminate such pressure
. pulsatxons by regulating the time allowed: foy the
pump valves to seat. Although the magnitude of
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such pressure pulsations is small when the pump
is operated at moderate speeds and when the
pump cylinder fills properly, such pressure pulsa-
tions may be sufficiently large to cause serious
difficulties at high pump speeds. Severe stresses
may be developed in various components of the
installation by the pulsations if the frequency of
the reciprocating motion of the motor and pump
pistons coincides with either the natural fre-
quency of oscillation or one of the harmonics of
elther {he power oil or the production fluid col-
umns above the pump, i. e., if the frequency of
the pressure pulsamons developed in the columns
as'a result of the reciprocating motion of the mo-
tor and pump pistons coincides with either the
natural frequency or one of the harmonics of one
of the columns. These columns are ohly mod-
erately damped so that standing pressure waves
of a maegnitude sufficient to develop abnormal
stresses in various components of the installation
may be produced under such resonant operating
conditions.

Sinece the natural frequencies of the power il
and production fluid colimns are usually rela-

. tively low as compared to the frequency of re-

ciproeation of the motor and pump pistons dur-
ing normal operation, it is usually possible to
avoid operating the pump. in phase with the
natural frequencies of the columns. However, it
is virtually impossible 10 select an operating speed
for the pump which avoids both the natural fre-

quencies of the power oil and production fluid

columns and all of the harmonics thereof due to
the fact that the intervals between the natural
frequencies and the first harmonics and the in-
tervals between harmonics are relatively small.

Another. factor which makes it difficult to avoid
both the natural frequency and all of the har-
monics of the production fliid ¢olumn in particu-
lar is that the natural frequency of this column
varies with variations in the proportions of gas,
oil and water in the production fluid. Conse-

‘quently, since resonant operating conditions can-

not be avoided readily by a selection of a suitable
operating speed for the pump, it is desirable to
reduce the magnitude of the pressure surges re-
sulting from the reciprocatory nature of the op-
eration -of the pump so as to avoid producing
standing pressure waves of excessive magnitude,

. the. provision of an apparatus capable of absorb-

ing such pressure surges being an important ob-
Ject of the present invention.

In fluid-operated pump instalations of the type
under consideration, the power oil and produc-
tion fluid columns are semi-closed systeins and
do not communicate with each other frenly in
both ‘directions because the ﬁuld-operated pimp
is interposed between them, the direction and
amount of communication possﬂole dependmg
upon the. posmons of the engine and ‘pump valves.
With closed columns each termmatmg in a valve,
serious “water hammer” may result from sudden
‘closing ‘of the valves with ‘high fluid ‘velocities
therethrough In all cases of normal operation
and in many cases of shock resultmg ‘from mal-
functmmng of tahe pump valves or 1mpropex ﬁlhng

eelled out or greatly- reduced by balancmg the two
columns against each -ofher, which ‘is -another
important object of my invention.

More specifically, an objectis to-providea shock
abserber which includes a movable fluid sepa-
rating means, such as. a piston, having -opposed
first and second surfaces which are exposed to



2,670,685

5

the fluid pressures obtaining in the power and
production tubings, respectively, the areas being
so related to each other and to the fluid pressures
in said tubings that the piston is substantially
‘balanced hydraulically.

Another object is to provide such a shock ab-
sorber having a piston, or other fluid separating
means, which includes a third surface disposed
on the same side thereof as said first surface and
exposed to the fluid pressure obtaining in the well
substantially at the level of the pump so that the
power oil and well fluid pressures act in the same
direction on the piston, the three areas being so
related in size that the piston is hydraulically
balanced.

Another object is to provide a shock absorber
of the feregoing character wherein the piston is
provided with a stem projecting therefrom into
a substantially closed chamber filled with liquid
which is adapted to absorb or dampen sudden
fluid pressure surges in one or both of the tu-
bings. A further object is to provide such a
device in which the interior of the closed cham-
ber is connected by a small restricted orifice to
one of the tubings so that the fluid pressure nor-
mally existing in the chamber is the same as the
fluid pressure in one of the tubings. I prefer to
make this orifice connection to the production
tubing.

Other objects of the invention are to provide
a shock absorber which may be connected di-
rectly to a pump with which it is to be used so
that the piston therein may be exposed to the
fluid pressures obtaining in the power tubing,
the production tubing and the well at points in
close proximity to the pump, whereby pressure
surges originating in the pump are absorbed sub-
stantially instantaneously, and to provide a com-
pact device which occupies a minimum of space
in a well.

The foregoing objects of my invention and the
advantages suggested thereby, together with vari-
ous other objects and advantages which will
become apparent, may be attained with the ex-
emplary embodiment which is illustrated in the
accompanying drawings and which is described
in detail hereinafter. Referring to the draw-
ings:

Fig. 1 is a vertical sectional view illustrating a
pumping installation which embodies the inven-
tion as installed in a well;

Fig. 2 is an enlarged, vertical sectional view
taken along the broken line 2—2 of PFig. 1 and
showing an upper portion of a shock absorber
of the invention connected to a lower portion
of a fluid-operated pump;

Fig. 3 is an enlarged, vertical sectional view
taken along the broken line 3—3 of Fig. 1 and
showing the lower portion of the shock absorber,
Fig. 2 being a downward extension of Fig. 2;
and

Fig. 4 is a graph illustrating the operation of
the shock absorber.

Referring particularly to Fig. 1, I show a well
casing {0 which extends downwardly from a cas-
ing head {1 into an oil producing formation of
a well, the lower end of the casing being provided
with perforations {3 through which well fluid,
1. e, oil, water, gas, etc., from the oil producing
formation may flow into the casing. A produc-
tion tubing 14 is suspended from a tubing head
15 which forms an intermediate part of the cas-
ing head {{ and extends downwardly through
the casing {0 into the well fluid in the lower
bortion thereof. The lower end of the produc-
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tion tubing 14 is equipped with a tapered seat i1
which is adapted to receive and support an inlet
fitting (8. A fluid-operated pump 9 is disposed
in the production tubing (4 and is connected to
the lower end of a power tubing 20 for conveying
power oil to the pump, the power tubing being
suspended from a cap member 21 of the tubing
head 15 and extending downwardly through the
production tubing. A shock absorber 22 of the
invention is interposed between the inlet fitting
18 and the pump {9 in the particular construc-
tion illustrated in the drawings, the shock ab-
sorber being connected to the inlet fitting at its
lower end and to the pump at its upper end.

The fluid-operated pump 19 per se forms no
part of the present invention and is not shown
in complete detail in the drawings. The pump
{9 may, for example, be of the type disclosed in
my aforesaid Patent No. 2,134,174, or may be of
any other suitable type, as is well known in
the art. As best shown in Fig. 1 of the drawings,
the pump 19 includes, in general, an engine or
motor piston 26 which is reciprocable in a motor
eylinder 27, and includes a pump piston 28 which
is reciprocable in & pump cylinder 29, the two

‘pistons being directly connected by a rod 30.

Connected to and extending upwardly from the
motor piston 26 is a pilot rod 231, and connected
to and extending downwardly from the pump
viston 28 is a lower rod 32. As best shown in Pig.
2; the pump 19 is provided at its lower end with
a fitting 34 having a bore 35 therein, and is
provided with a continuous passage 39, Fig. .1,
which communicates at its upper end with the

2 power tubing 20 and which communicates at its

lower end with the bore 35 and with the shock
absorber 29 as will be discussed in more detail
hereinafter, the passage 38 extending through
the pilot rod 31, the motor piston 26, the in-
termediate rod 30 the pump piston 28 and the
lower rod 32.

The general operation of the pump. 19 is well
known in the art, being described in detail in my
Patent No. 2,134,174, and needs be described only

5 briefly herein. 'The power oil, which is prefer-

ably clean crude oil, is delivered under pressure
to the tubing head 15 through a supply pipe 40
and flows downwardly through the power fubing
20 to the pump 19. Such power oil is introduced
alternately into opposite ends of the motor cyl-
inder 27 in the case of 2 double-acting pump by
a suitable valve mechanism, not.shown, so as to
reciprocate the motor piston 26, the reciprocatory
motion of the motor piston being communicated
to the pump piston 28 by the intermediate rod
30. Well fluid is introduced alternately into op-
posite ends of the pump cylinder 29 by a suitable
valve mechanism, not shown, and is discharged
into the production tubing 14 as production fluid
by the pump piston 28, the production fluid sup-
sequently flowing upwardly through the tubing
14 to the surface and into a discharge pipe 41,
As will be discussed in more detail hereinafter,
the well fluid enters the pump 19 by way of the -
inlet fitting 18 and the shock absorber 22, the
fitting 34 at the lower end of the pump being pro-
vided with a plurality of passages 42 through
which the well fluid may flow from the shock
absorber into the pump, as best shown in Fig. 2.
Referring particularly to Figs. 2 and 3, the
shock absorber 22 includes a tubular housing sec-
tion 46 which is threaded at its upper end onto
the fitting 34 and which is threaded at its lower
end onto a fitting 47, another tubular housing
section 48 being threaded at its upper -end onto
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the: lower end: of the fitting: 41. The inlet: fitling
8, which is adapted to: seat. on the: tapered seat
t1, is threaded into. the lower end of the lower
housing section 48. Extending downwardly into
the upper housing: sectien. 48 and threaded at ibs
upper- end into the bore. 35 ixx the fitting 34 is:a
tube 49. the lower end. off whieh extends: into: a
bore 50:in a shock absorber piston 51, the bore 80
being enlarged within the piston; as: indicated by
the numeral 52, throughout a substantial portion
of the length of the: piston. to. minimize friction
between the piston: and the tube. The piston bi
is reciprocable in a; cylinder 55, whichk extends up-
wardly: into. the: upper housing section 48 and
which is threaded at its lower end: anto: & eylin-
drical boss: 58 on the upper end: of the: fitting 47.
Fluid-tight seals between the piston 5f and the
tube 48 and between the piston &) and the cyl-
inder 55 are maintained: hy-annular sealing ele-
ments. 57 and 58, respectively; which are earried
in grooves in the piston. Extending downwardly
from. and carried by the piston: 5k is a stem 60
which. extends through a hore 61 and a eeunter-
bore 62 in the fitting 41 into.a chamber 63 dis-
posed in the lewer housing: section 48 and
threaded at its upper end into. g second counter-
bore. 64 in. the fitting. 47, movement of the stem
60 into and: out of the chamber 83 varying the
volume of the chamber. Retained in the

counterbore. 62 is: a tubular member 85 above

which is provided suitable packing $6. The pe-
riphery of the tubular member 65 has an an-
nular groove 67 therein which communicates with
a radial passage 13 in the fitting 4% eommuni-
cating at its. outer end with the production tub-
ing, switable O-ring-sealing members being pro-
vided above and below the groove. The tubular
member 65. has. a counterbore 68 which is con-
nected to. the groove 61 by a small restricted
orifice 69, so that. the production fluid may fill
the chamber 63 and equalize the fluid: pressuzes
between the chambern-and: the production tubing.
Although I prefen-to.provide-such: restricted fluid
communication between the interior of- the.eham-
ber-83 andithe production tubing, I do not intend
to- be: Hmited. thereto.
The shock absarber piston: 54 is: provided with
a finst transverse: aves. o surface 70 which is
exposed to the pressure of the power oil in the
power tubing 28 by, way- of the lengitudinal pas-
sage: 36 through: the: Auid-operated: pump 19, the
bore.35 in the fithing 34, and: the tube 48: Tt will
be nobedithat the effective area of the firs trans-
verse. surface M is equal to the cross-seetional
area: of the bore 59;in the piston: 54. 'The-sheck
. absorber piston 5k is:also provided with a.second
transverse ares, or surface 11 which is exposed
to the pressure-of the productiernr Auid-inthe-pro-
duction tubing 44 hy way of & longitudinal pas-

sage 12 in. the fitking 471 which communicates at,

its uppern end: with the interior of a cylinder 55
ang which; cemmunicates at its lower end with
the radial passage: 18 Preferably, a plurality-of
the longitudinal and radial passages T2 and 13

is provided: in: the fitting 47, only-ene: of -each:

being-shown in the drawings. As ‘will be appar-
ent; the: effactive-area of the second transverse
surfage 71 ig-equal to- the cross-sectional area. of
the shock: -absorber piston: & minus the cross-
sechionalarea-of-the-stem 68: The-shock:absorben
‘piston:54- is providedion its upper-end with a third
transverse«area. or surface. 1 which: is-exposed to
the pressure:of the well fluid in the easing 0 by
way of a.hore 15:through: the.inlet fitting 18;.an

annuler passage: 16 between. the:lower housing 75

[
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8
section; 48 and the chamber 63, one or more lon-
gitudinal passages. 11 through ‘the fitting. 41, an
annular passage 18 hetween, the uppen heusmg

. seetion, 46 and the cylinder 55, and an apnular

passage 19 between the upper housing section
and that portion of the piston 51 which progects
from the eylinder 55. It will be noted that the
area of the third transverse surface 14 exposed
fo: the pressure of the well fluid in this. manner
is equal fo. the: cross-sectional area of the piston
5 minus. the cross-sectional area of the tube- 49.
It will alsc be noted that the annular passage 19
between the exposed. projecting portion of the
piston 5f and the upper housing section 46, com-
municates with an annular passage 80 between
the upper housing section and the tube 44, the
annular passage 89 communicating with the pas-
sages 42 through the fitting 34 so that well fluid
may enter the pump. 9 by way of the system of
passages just described. The shock absorber
piston: 5t is further provided with a fourth trans-
verse area or surface 81 which is exposed to. the
pressure of the liquid in the ekamber 63, the-area
of the transverse surface 8{ being sgual to the
cross-seetional arvea of the stem: §0. The areas
1% and 14 are proportioned so that the hydraulic
forees on the piston 51 are substantially balanced,
and the areas 10, 11, T4 and 84 are so propor-
tioned that the hydraulic forces on the piston. 51
are- fully: balanced.

Congsidering the operation of the shoeck ab-
sorber 22, it will: be apparent that the- pressure
forces applied to ths piston. 5+ by the application
of the power oil and well fiuid pressures to the
fiest. and. third transverse surfaces 70. and 14, re-
spectively, tend to move the piston. downwardly
in- its cylinder 5%, whereas the pressure force
applied to the piston by the application of the
produetion column pressure to the secend trans-
verse surface T1 tends to move the piston up-
wardly in; its cylinder. Preferably, the areas of
the surfaces 78, 71 and 74 are so selected with
reference to the- pressures applied thereto that
the net pressure force differential: applied to the

_ piston: 51, i. e, the algebraie-sum of the pressure

forees applied to the piston by the pressures ap-
plied to the surfaces 718, 1l and 74, is normally
equal to zero so that the piston is normally bal-
anced. Consequently, if any pressure surges oc-
eur-in:the power oil. or production fluid columns,
they are absorbed by-the liguid in the chamber
63. acting: on the fourth transverse. area 84.

It will be apparent that if a. pressure surge
oceurs in the power oil column for any. reason,

the. energy producing the. surge is absorbed by

compression of the eil or other lguid in the

chamber 63 and by-compression: of the-production

fluid. Conversely, if a pressure surge occurs in
the production: fluid column, the: energy produc-
ing the pressure is absorbed by compression of
the power oil and, to a slight extent, by any
compression of the well fluid which may occur.
Such pressure surges may arise frem- various
sources. For example, if air or-gas is present in
the pump cylinder 29, the motor piston 26 and
the pump piston 28 may, as previously discussed,
accelerate to an excessive.speed so that a pres-

sure surge in the production tubing i4. may re-
sult. when the pump piston strikes solid. fluid in

the pump cylinder. Also, pressure- pulsations
msay be produced in the fluids in the production

tubing I4 and the power tubing: 20-as & result of

the recipropatory nature of the operation of the

fuid-operated pump 19, the manuer in -which
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such pressure pulsations are absorbed being con~
sidered in detail in the following paragraph.

Referring particularly to Fig. 4 of the draw-
ings, the numerals 85 and 86 indicate oscillo-
graph curves showing, respectively, typical pres-
sure pulsations encountered in the power oil and
production fluid columns when a pump Such:as
the pump 19 is used without the shock absorber
22. It will be noted that the power oil pressure
rises at the ends of the strokes of the motor and
bump pistons 28 and 28, see curve 85, and that
the pump discharge pressure or production fluid
bressure drops at the same time, see curve 86,
the pressure pulsations in the two columns being
of approximately the same magnitude and of op-
posite sign. The rise in pressure in the power
tubing 20 and the drop in pressure in the pro-
“duction tubing {4 eause the shock absorber pis-
ton 81 to move downwardly against the pressure
of the oil in the chamber 63 so that the energy
producing such movement is absorbed by com-
pression of the oil in this chamber, and also by
compression to some extent of the production
fluid. ‘The net result is that the pressure in the
power tubing 20 is decreased and the pressure
in the production tubing 14 is increased, the
resultant pressure in the two columns being ap-
proximately as indicated by the oscillograph
curve 87 in Fig. 4. Thus, it will be apparent that,
in effect, the shock absorber 22 causes the rise
in power oil pressure and the drop in production
fuid pressure to cancel out, which is an impor-
tant feature of the invention.

By designing the device so that the area of
the fourth surface 81 is small relative to the
volume of the chamber 63, the amount of surge
energy which the liquid in the chamber will ab-
sorb is relatively great.

Although I have-disclosed an exemplary em-
bodiment of my invention herein for purposes
of illustration, I do not intend to be limited spe-
cifically thereto since various changes, modifica-
tions and substitutions may be incorporated in
the embodiment disclosed without necessarily de-
parting from the spirit of the invention. Various
other changes may also be made without depart-
ing from the spirit of the invention. Conse-
quently, I hereby reserve the right to all changes,
modifications and substitutions as properly come
within the scope of the invention as set forth in
the appended claims.

I claim as my invention:

1. In an apparatus for pumping fluid from a
well, the combination of: a fluid-operated pump
in the well; a first tubing extending into the well
and connected to said pump, said first tubing be-
ing adapted to convey operating fluid to said
pump to operate same; a second tubing extend-
ing into the well and connected to said pump,
said second tubing being adapted to convey from
said pump fluid discharged thereby; and a shock
absorber connected to said pump, said shock ab-
sorber including movable fluid separating means
having four transverse areas at least one of which
is on one side thereof and at least one other of
which is on the opposite side thereof, including
means for exposing one of said areas to fluid
pressure obtaining in said first tubing, including
means for exposing another of said areas to fluid
pressure obiaining in said second tubing, includ-
ing means for exposing still another of said areas
t6 fluid pressure obtaining in the well substan-
tially at the level of said pump, and including
means for applying a fourth fluid pressure to the
fourth of said areas.
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2. In a shock absorber for use in a well pump-
ing apparatus which includes a fluid-operated
pump adapted to be set in a well and having
first and second tubings thereto, the first tubing
being adapted to convey operating fluid to the
pump to operate same and the second tubing be-

‘ing adapted to convey from the pump fluid dis-

charged thereby, the combination of: movable
fluid separating means having four effective
areas at least one of which is on one side thereof
and at least one other of which is on the oppo-
site side thereof, means for exposing one of said
areas to fluid pressure obtaining in the first tub-
ing; means for exposing another of said areas
to fluid pressure obtaining in the second tubing;
means for exposing still another of said areas to
fluid pressure obtaining in the well substantially
at the level of the pump; and means for apply-
ing to the fourth of said areas a fluid pressure
sufficient to balance any net pressure force dif-
ferential resulting from the pressures applied to
the other three areas. :

3. A shock absorber according to claim 2 where-
in the means last defined includes a chamber of
variable volume one wall of which is defined by
said fourth of said areas, said chamber being
adapted to confine a liquid the pressure of which
is adapted to be applied to said fourth of said
areas so as to resiliently balance said net pres-
sure force differential. )

4. In a shock ahsorber for use in a bumping ap-
paratus which is adapted to be set in a well and
which includes a fluid-operated bump having first
and second tubings connected thereto, the first
tubing being adapted to convey operating fluid to
the pump to operate same and the second tubing
being adapted to convey from the pump fluid dis-
charged thereby, the combination of: a cylinder;
a piston disposed in and reciprocable longitudi-
nally of said eylinder, said piston having first and
third transverse areas on one side thereof and
having second and fourth transverse areas on
the opposite side thereof: means including a pas-
sage adapted to communicate with the first tubing
for exposing said first area of said piston to fiuid
pressure cbtaining in the first tubing; means in-
cluding a passage adapted to communicate with
the second tubing for exposing said second area
of said piston to fluid pressure obtaining in the
second tubing; means for exposing said third area
of said piston to fluid pressure obtaining in the
well, including a passage communicating with the
well substantially at the level of the pump; and
a chamber which is adapted to contain a liquid
and one wall of which is defined by said fourth
area of said piston so that the pressure force ap-
plied to said fourth area of said piston by a liquid
in said chamber resiliently balances any net pres-
sure force differential applied to said piston by the
bressures applied to said first, second and third
areas. .

5. A shock absorber as defined in claim 4 where-
in said fourth area is small as compared to said
first, second and third areas.

6. A fluid-operated pumping unit, comprising:
2 pump adapted to be operated by a fluid at a
first pressure to discharge at a second pressure
fluid entering said pump at a third pressure; a
cylinder; a piston in said cylinder; means for ex-
posing at least a portion of one end of said piston
to the first pressure; means for exposing at least
a portion of the opposite end of said piston to the
second pressure; means for exposing at least a
portion of one of said ends of said piston to the
third pressure; and means for applying to at least
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‘a portion of one of said ends of said piston a
fourth pressure balancing any net pressure force
differential resulting from the application of the
first, second and third pressures to said piston.

7. Tn a device for absorbing pressure variations,
‘the combination of: movable fluid separating
means having first and third areas on one gide
thereof and having second and fourth areas on
the opposite side thereof; means for applying @
first Auid pressure to said first area of said fluid
separating means; means for applying a ‘second
fluid pressure to said second area of said fluid
separating means; means for applying a third
fluid pressure to said third area of said fluid sepa-
rating means; and means for applying to said
fourth area of said fluid separating means a
fourth fiuid pressure providing a pressure force

10

15

sufficient to balance the algebraic sum of the

products of said first, second and third areas and
the first, second and third fluid pressures, re-
spectively.

8. A device as defined in ¢laim 7 wherein the
means last defined includes a chamber which is
adapted to contain a liquid and one wall of which
is defined by said fourth area of said fluid sepa-
rating means.

9. ITn a shock absorber for use in a well pump-
ing apparatus which includes a pump operable by
an operating fluid to pump well fuid from the
well to the surface as production fiuid, the com-
bination of: movable fluid separating means hav-
ing a first pair of areas on one side thereof which
are adapted to be exposed to the operating and
well fluid pressures, respectively, and having a
second pair of areas on the opposite side thereof
one of which is adapted to be exposed to the pro-
duction fHuid pressure; and a chamber which is
adapted to contzin a liquid and one wall of which
is defined by the other area of said second pair.

10. In & shock absorber, the combination of: a
cylinder having first and second ends; a tube
axially aligned with said second end of said cylin-
der; means rigidly connecting said cylinder and
said tube; o generally cup-shaped piston disposed
in said cylinder and telescoped over said tube, said
piston having a first surface exposed to fluid pres-
sure in said tube so that fluid pressure in said
tube tends to move said piston toward said first
end of said cylinder, and said piston having a sec-
ond surface exposed to fluid pressure in said
eylinder so that fluid pressure in said cylinder
tends to move said piston toward said second end
of said cylinder; and fluid means for resiliently
piasing said piston toward said second end of said
eylinder, including a chamber which is adapted
to contain a fluid and one wall of which is defined
by a third surface of said piston so that fluid
pressure in said chamber tends to move said
piston toward said second end of said cylinder.

11. In a shoeck absorber for use in connection
with a hydraulically-actuated deep well pump
having a column of operating liquid at relatively
high pressure and a column of pumped fluid at a
relatively lower pressure, the combination of:
¢ylinder means; piston means in said cylinder
means, having a first relatively small area facing
in one direction, a second relatively large area
facing in the other direction, and a third area
of intermediate size facing in the same direction
as.said first area, said first area being adapted to
be constantly exposed to the fluid pressure of said
operating fluid column, said second area being
adapted to be constantly exposed to the fluid
pressure of said pumped fluid column, and said
third area being adapted to be constantly exposed

20

12
to the fluid pressure in the well adjacent the
pump, said areas being so relafed in size that said
piston is substantially hydraulically balanced;
and resilient means engaging said piston means
and adapted to dampen sudden fluid pressure
surges in one of saidcolumns.

12. In a shock gbsorber for use in connection
with a hydraulically-actuated deep well pump
having a column of operating liquid at relatively
high pressure and 2 column of pumped fluid at
a relatively lower pressure, the combination of:
cylinder means; piston means in said -cylinder
means, having -a first relatively small area fac-
ing in one direction, a second relatively large
ares facing in the other direction, and a third
area of intermediate size facing in the same di-~
rection as said first area, said first area being
adapted to be constantly exposed to the fiuid
pressure of said operating fluid column, said
second area being adapted to be constantly ex-
posed to the fluid pressure of said pumped fluid
column, and said third area being adapted to be
constantly exposed to the fluid pressure in the
well adjacent the pump, said areas being so re-

95 lated in size that said piston is substantially
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hydraulically balanced; and hydraulic means
engaging said piston means and adapted to
dampen sudden fluid pressure surges in one of
said columns.

13. In a shock absorber for use in connection
with a hydraulically-actuated deep well pump
having a column of operating liquid at relatively
high pressure and a column of pumped fluid
at a relatively lower pressure, the -combination

5 of: cylinder means; piston means in said eyl-

inder means having a first relatively small area
facing in one direction, a second relatively large
area facing in the other direction, and a third
aren of intermediate size facing in the same -di-
rection as said first area, said first area being
adapted to be constantly -exposed to the fluid
pressure of said operating fluid column, said
second area being adapted to be constantly ex-
posed to the fluid pressure of said pumped fluid
column, and said third area being adapted fo
be constantly exposed to the fluid pressure in
the well adjacent the pump, said areas heing
so related in size that said piston is substantially
hydraulically balanced; a stem connected to said
piston ‘means extending therefrom; and a sub-
stantially closed chamber filled with liquid into
which said stem projects.

14, In a shock absorber for use in connection
with a hydraulically-actuated deep well pump
having a column of operating liquid at relatively
high pressure and a column of pumped fluid at
a relatively lower pressure, the combination of:
cylinder means; piston means in said cylinder
means having a first relatively small area fac-
ing in one direction, a second relatively large
area facing the other direction, and a third area
of ‘intermediste size facing in the same direc-
tion as said first area, said first area being
adapted to be constantly exposed to the fluid
pressure of said operating fluid column, said sec-
ond area being adapted to be constantly exposed
to the fluid pressure of said pumped fluid col-
umn, and said third area being adapted to be
constantly exposed to the fluid pressure in the
well adjacent the pump, said areas being so
related in size that said piston is substantially
hydraulically balanced; .a stem ‘of relatively
small cross-sectionsl area compared with said
first area and connected to said piston means
and extending therefrom; and a substantially
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closed chamber filled with liquid into which said
stem projects, the liquid in said chamber dump-
ing sudden fluid pressure surges in one of said
columns. :

15. In g shock absorber for use in connection 5

with a hydraulically-actuated deep well pump
having a column of operating liquid at relatively
high pressure and a column of pumped fluid at
& relatively lower pressure, the combination of:
cylinder means, piston means in said cylinder
means having g first relatively small area fac-
ing in one direction, a second relatively large
area facing the other direction, and a third area
of intermediate size facing in the same direc-
tion as said first area, said frst arep being
adapted to be constantly exposed to the fluid
Pressure of said operating fuid column, said
second area being adapted to be constantly ex-
posed to the fluid pressure of said pumped fuid
column, and said third areg being adapted to
be constantly exposed to the fluid pressure in
the well adjacent the pump, said areas being so
related in size that said piston is substantially
hydraulically balanced; a stem connected to

said piston means and extending therefrom on 2

the same side of said piston means as said sec-
ond area; and a substantially closed chamber
filled with liquid into which said stem projects.

16. In a shock absorber for use in connection
with a hydraulically-actuated deep well pump

<
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having a column of operating liquid at relatively
high pressure and a column of pumped fluid at
a relatively lower pressure, the combination of:
cylinder means; piston means in said cylinder
means having a first relatively small area fac-
ing in one direction, a second relatively large
area facing the other direction, and a third area
of intermediate size facing in the same direc-

-tion as said first area, said first area being

adapted to be constantly exposed to the fluid
pbressure of said operating fluid column, said
second area being adapted to be constantly ex-
posed to the fluid pressure of said pumped fluid
column, and said third area being adapted to
be constantly exposed to the fluid pressure in
the well adjacent the pump, said areas being so
related in size that said piston is substantially
hydraulically balanced; a stem ¢onnected to said

© piston means and extending therefrom; a sub-

stantially closed chamber filled’ with liquid into
which said stem projects: and restricted orifice
means communicating between the interior of
said chamber and said pumped:fluid column.
CLARENCE J, COBERLY.
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