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: 1 .
The invention relates to a hydropneumatic well

pumping system and particularly to the control

- of counterbalancing and fluid storage features
thereof. - . o ‘

In my prior copending application, Serial No.
216,093, filed June 27, 1938, for a System of pump-
ing wells, there is a detailed disclosure of an
entire hydropneumatic pumping system, and in
my copending application, Serial No, 308,334, filed
December 9, 1939, there -are disclosed various
forms of different modifications.of the control
valves and fluid storage assembly.

The present invention contemplates that con-
siderable increase in efficiency of the power pump
‘may.be effected by providing a mechanism or as-
sembly by which the actuating liquid and the
pneumatic pressure fluid are excluded from each
other, .

Another difficulty has been encountered in hy-
dropneumatic units where a pneumatic fluid is
utilized to maintain a balance or counterbalanc-
ing pressure on the.actuating liquid because the
fluid and the liquid have a connecting interface
which permits contamination of the liquid by
the gaseous fluid. "This difficulty is enlarged upon
where higher pressure is utilized because it has
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been found that air or gas will be more rapidly -

absorbed by the actuating liquid and in such
quantities that the actuating liquid being circy-
lated cannot be efficiently handled by a power
pump because such actuating liquid contains
compressible gaseous fluids. :

With the foregoing difficulty in mind, the pres-
- ent Invention contemplates an assembly wherein
the actuating liquid is confined in one chamber,

reciprocable pressure plunger arranged for a
floating movement between and within both such
chambers. R
The term “fluid” will be employed to designate
the gaseous pressure fluid used to load the actu-
ating liquid, and the term “liquid” will be em-
ployed to designate the actuating liquid used to
operate the pumping jack.
- One of the objects of the invention is to pro-
vide a fluid chamber and an actuating liquid
- chamber with a pressure plunger floating within
and between the two chambers so that the actu-
ating liquid may be loaded with a predetermined
pressure, .. )
Another object of the invention is to load. the
actuating liquid in a hydropneumatic pumping
system for wells with a predetermined pressure
to effect the balance and counterbalance where
such pressure is applied by a differential pres-
sure plunger subjected to relatively high pneu-
matic pressure,
Another object of the invention is to provide
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a hydropneumatic pumping system for wells with

& differential pressure plunger which will move

60

‘wlth the flow of the

2 -

actuating liquid and the
movement of such differential pressure plunger
actuates the reversing valve. ;

Still another object of the invention is to pro-
vide a reversing ‘valve for hydropneumatic well
pumping systems which will have a delayed action
at one end of the stroke and a more rapid action
at the opposite end of the stroke. L

Still another object of the invention is to pro-
vide a control system for hydropneumatic well
pumping systems wherein leakage of actuating
liquid will be returned either manually or auto-
matically during operation to the system when-
ever the volume of actuating liquid in the system
is depleted to a predetermined extent.

Still another object of the invention is to pro-
vide a device in a hydropneumatic wel] pumping
system which will either manually or automati-
cally replenish during operations the supply of
actuating liquid whenever the volume of the
liquid falls below a predetermined amount,

It is also an object of the invention to reduce
the size and cost of the fluid chamber by storing
the loading gaseous fluid under high pressurein a
smaller chamber than heretofore used with lower

_pressures.

It is also an. object to utilize a hollow plunger
to separate the liquid and fluid so that the capac-
ity of the hollow plunger may augment the fluid
chamber in storing fluid pressure.

Another object of the invention is to utilize .
high pressures in a hydropneumatic well pump-
ing system so as to employ smaller and more
efficient equipment and apparatus. )

Another object is to provide a simple, efficient
and compact pilot valve to control the operation
of the reversing valve, - ,

Another object of the invention is to provide
an auxiliary reservoir of actuating liquid to be
supplied to the system, which reservoir is main-
tained at a pressure slightly under or lower than
the pressure coming from the jack so that the
supply of liquid to the system may be replenished
from said pressure source when the supply of
pressure liquid from the pumping jack is re-

Another object is to so locate the auxiliary res-
ervoir of actuating liquid that the pressure to
be maintained thereon will be: provided by the

. action of the floating plunger supplemented by

leakage of fluid or liquid into said reservoir from
the fluid chamber and from the main liquid
chamber,

A still further object is to provide a pump jack
construction and operation which will ‘cause the

supply of actuating liquid to be automatically re-

plenished. ‘ ‘
Other and further objects of the invention will:
be readily apparent when the following descri’p'{ -
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- tion Is considered in connection with the accome-
panying drawings, wherein:

Fig. 1 is a perspective diagrammatic assembly
of the control mechanism and pumping system
with certain of the parts shown in section to il-
lustrate the pilot valve, differential pressure
plunger, and housing cunstruction.

Fig.
Fig. 1, looking in the direction of the arrows.

Fig. 3 is a vertical sectional view of the pump
jack cylinder and ram illustrating the mechanism
for causing the replenishing of the actuating
liquid.

Fig. 4 is a vertical sectional view of the pilot
valve construction used to actuate the reversing
valve.

Fig. 5 is a vertical sectional view through the
compressor . device used to compensate for loss
of pneumatic fluid.

Fig. 6 is a vertical sectional view of a fluid
flow retarding.valve for delaying the action of the
reversing valve in one direction.

In Fig. 1 the diagrammatic view illustrates the
control mechanism for the pump jack ram. The
jack cylinder 2 is mounted on the well head 8 and
is arranged to receive the sucker rod 4 which ex-
tends upwardly from the reciprocating pump in
the bottom of the well, This jack cylinder is best
seen in section in Fig, 3 wherein the sucker rod
4 extends upwardly into the cylinder and projects
at § through the top thereof. This cylinder car-
ries a ram 6 which supports the rod by the ad-
justment clamp 1. The details of thls pump jack
will be later described.

In order to elevate the ram 6 and the string of
rods 4 so as to elevate the oil in the well, a pipe
8 is connected into the base of the cylinder 2 to
conduct an actuating liquid to and from the cyl-
inder in effecting the pumping operation. This
pipe extends for any desired distanceto a point
where it is connected with the reversing valve
10. This reversing valve is disposed in the sys-
tem and controls the flow of liquid to and from
the pump Jjack. This valve 10 is in turn shown
,in detail in Fig. 2 and will be described in detail
hereafter.

An actuating ]1qu1d pump 2 has its inlet and

- discharge connected to the valve housing 10 so
that in operation the valve 10 may be used to re-
verse the direction of flow by either directing lig-
uid from the pump through the pipe 8 into the
pump jack cylinder to elevate the ram and sucker
rods, or upon reversal of the valve 10 the intake
of the pump is connected to the pump jack cyl-
inder. The valve {0 has therefore been desig-
nated as a reversing valve.

In order to avoid placing the entire load on the

upstroke of the jack upon the pump 12 and the.

motor which operates it, and to, in turn, take
advantage of the force of gravity on the down-

stroke of the jack which tends to force the actu-.

ating liquid out of the pump jack cylinder 2, a
‘balance and counterbalance unit has been pro-

vided. This unit is shown generally at 5. The .

unit includes a housing 16 which has a central
chamber 17 therein, The housing {6 has an ac-
tuating liquid cylinder 18, or reservoir, on one
end, while on the opposite end & pneumatic fluid
pressure cylinder {9 has been shown. These cyl-
inders are in axlal alignment with each other.
A pipeline 20 is shown as leading from the re-
versing valve housing (0 to the actuating liquid
cylinder I8 and it seems obvious that actuating
liquid will be forced into the cylinder {8 when the
valve 18 connects the discharge of the pump 12

2 is a section taken on the line 2—2 of -
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to the pipe 20, whereas, the a.ctuatlng liquid will
be forced by fluid pressure out of the cylinder {8
when the valve 10 .is reversed and the suction of
the pump is connected to the pipe 20.
In other words, the pump 12 will run continu-
ously to dlscha;rge the actuating liquid coming |

-from the jack into the cylinder-18 and to receive

such liquid from the cylinder (8, depending upon
the position of the valve (0. The chamber (8,
therefore, serves as a reservoir. or source of ac-
tuating liquid for the pump. -

If the pump (2 were compelled to provide all
the power for the elevating of the rod and fluid
load of the well, it would be subjected to a maxi-
mum power demand on the upstroke and the mo-
tor would run idle on the downstroke. It is most
efficient for the motor and pump to run continu-
ously and be loaded uniformly because a smaller
motor and pump may be used. To accomplish
this it is desirable to store not only the energy of
the pump during the downstroke, but to also uti-
lize the energy of the actuating liquid due to the
gravitational force of the load in the well. It
therefore seems apparent that the operation of
the-pump and the pumping action of the pump
jack can be balanced and counterbalanced by ap-
plying a predetermined and desired pressure to a
plunger such as 25. This pressure on the plunger
25 will assist in the discharge of liquid.from the
chamber 18 and, in turn, retard the introduction
of liquid to the chamber 18, With this in mind
the plunger 25 is provided with an extension or
shank 26 which extends into the pneumatic
chamber (8, and it will be noted that the exten-
sion 26 is of considerably lesser diameter than
the head 25. The relative sizes or proportions
of the head 25 and the extension or plunger 26
can be so adjusted that any desired differential
pressure may be maintained upon this extension,
or said head and extension may be of equal cross
sectional area as is sometimes desirable under
certain pumping conditions.’

For instance, if a ratio of 10 to 1 is desired,
the area of the head 25 will be ten times that of
the cross sectional area of the extension 26.
Thus, a relatively high pressure of the pneumatic
fluid in the chamber 19 can be utilized. This

- plunger 25 is thus disposed in a floating position

between the actuating liquid 27 in the chamber
18 and the pressure fluid 28 in the chamber 19
but the plunger will be urged against the liquid
21 in the chamber 18 by a predetermined and
substantially constant pneumatic pressure fluid
28. '

In order to control the operation of the entire
device in accordance with the flow of actuating
liquid, a pilot valve 30 is arranged to be actuated
by the arm 31 which is, in turn, connected thru
the rod 32 to the projection 33 on the plunger in
the chamber 11. Thus, when a predetermined
volume of actuating liquid 27 has been drawn
from the cylinder 18, due to the suction of the
pump 12 and the differential pressure on the
plunger 25, the pilot valve 30 will be moved from
the position shown in Fig. 1 to its alternate po-
sition. The movement of this pilot valve is ac-
complished when the arm 31 engages an adjust-
able stop 34 carried by the valve rod 35. The
adjustable member 34 is weighted on one side at
36 so that its adjustment will not be inadvertent-
ly changed. A similar adjustable member 37 is
also positioned on the rod 35 so as to be en-
gaged by the finger 31 on the reverse stroke of
the plunger 26 when the pump jack moves to its
lowermost position. In other words, when a pre-

~
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determined volume of liquid is forced from the
actuating chamber 18, the pilot valve will be
- moved and on the other hand, when & predeter-
mined volume of liquid has been introduced into
the actuating liquid chamber 18, the pilot valve
30 will again be moved.
 In order to supply a pneumatic pressure in
the chamber (9, a fitting 40 has been arranged
on a pipe 41 which leads into the chamber 9. A
piping 42 connected to 41 leads into the housing
43 of the pilot valve 30 and introduces a pressure
fluid into the recess 44 of the pilot valve,

This recess 44 is therefore filled with an air,’

gas or other compressible fluid under pressure
" when it is in the position shown. ‘When, how-
ever, the plunger 25 causes the pilot valve to
be moved to the left, the recess 44 will move into
alignment with the port 45 in the housing 43 and
this will allow the fluid under pressure to dis-
charge into the pipe 46 leading to the sleeve 41
on the end of the reversing valve 0.

In this manner a fluid under pressure will be
introduced into the passage 48, (see Fig. 2) in
the sleeve 41 which will act upon a piston 49
therein, tending to move the valve member 50 of
the reversing valve,

Another recess 52 in the pilot valve member
will, at this time, move into alignment with the
pipe 42 and In turn-be charged with a fluid under
high pressure, When the plunger 25 reverses
its movement and contacts the adjustable mem-
ber 37 to move the pilot valve to the right, then
the recess 52 will be moved to the position shown.
in Fig. 1, whereupon the fluid under pressure in
. the recess 52 will discharge into the port 53 and g
bipe 54 leading to the sleeve 55 on the other end
of the reversing valve 10. This fuid will, in
turn, act upon the piston §6, (see Fig. 2) which
is.similar to the piston 49, and cause the revers-
ing of the valve member 50 to its opposite posi-
tion. It will be noted that the ports 45 and 53.
are uncovered as the pilot valve makes its stroke,
50 as to allow for the discharge of any pressure
remaining in:the pipes 46 and 54. Thus, it will
be apparent that by the reciprocating movement
of the pilot valve 30 that the reversing valve is
alternately moved in accordance with the float-
ing movement of the plunger 25.

It seems obvious that due to pressures in the
chambers 18 and 19 there may be some leakage
thereirom into the central area or chamber {1
through the stuffing boxes 60 and 60’ respective-
ly because of the lower pressure therein. Cham-
ber 17 which entirely surrounds the plunger 25
and the extension 26 is utilized as an auxiliary
bressure refaining storage reservoir in which-
to trap and conserve the leakage from said cham-
bers. Said reservoir is also employed for storing
an additional reserve supply of actuating liquid
which reserve should be maintained: therein in
sufficient volume to compensate for ‘all liquid
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leakage occurring around the pump jack or else- .
where from the system and to automatically lu-

bricate the plunger 25 and the extension 26,
Liquid in said auxiliary reservoir will naturally.
gravitate into the lower portion thereof as shown
in the drawings while the pressure fluid collect-
ing therein will accumulate above the liquid level
which pressure fluid however is not specifically
indicated in the drawings. Pressure is also gen-
erated in said reservoir by reciprocation of the
plunger 25 which displaces a certain amount of
the liquid and fluid in said chamber during each
downstroke of the pump jack. The reservoir {1
may be maintained at any desired pressure below
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that coming from the pump Jack during its down-
stroke which maintained pressure facilitates the
passage of liquid from’ said reservoir through
pipes 61 and 8 and aids the motor unit and pump
in injecting said liquid into the chamber 18, as
is more fully described in the following para-
graph:

Inasmich as the system will operate upon a
predetermined volume of actuating liquid it
seems obvious that if liquid leaks from the cham-
ber 18 or from around the jack or elsewhere from
the system in sufficient quantity to permit the end
of the ram 66 to descend into the dash pot con-
struction 65 on the lower end of the jack cylinder,
there will then be a reduced pressure in the pipes

-8 and B1, due to the fact that said dash pot is

provided with a by-pass 88 which restricts, and
may be regulated as desired to limit the escape of
liquid from under the descending ram. Restrict-
ing the flow of liquid from the dash pot increases
the pressure therein and gradually checks the
momentive and gravitational descent of the ram
while at the same time such restriction decreases
the pressure in the pipes 8 and 64 to a peint be-
low ‘the fluid pressure maintained in the aux-
iliary reservoir {1, whereupon liquid is automat-
ically forced from the bottom of said reservoir
through the pipes 61 and 8 to the pump {2 and
thence into chamber {8 without interruption of
continuous pumping operations.

The pressure in the reservoir {7 can be in-
creased by applying a source of pressure to the
pipe 67 on top of the housing, and a popoff valve
68 may be used to insure the release of any pres-
sure accumulating above a predetermined amount
for which this valve may be set. On the other
hand, still another valve 69 may be provided to
allow the inlet of air from the atmosphere if the
bressure in the chamber falls below g, predeter-
mined amount. A one way valve 61’ is provided
in the pipe 6! to prevent high pressure liquid in
the closed system from entering said auxiliary
reservoir 1. . .

A double action air compressor arrangement is
shown at 10 in Fig. 1 and in section in Fig.5. This
compressor is utilized for the purpose of main-
taining a predetermined fluid Pressure on the sys-
tem. The compressor embodies a housing 74, an
actuating piston 15 and two compression plungers
16 on the opposite ends. thereof which reciprocate
in the cylinders 11. Pressure actuating liquid
for reciprocating the piston 15 and the plungers
16 is supplied through pipe 19 on one stroke of
the pump jack and through pipe 80 on the alter-
nate stroke of the pump jack. During the up-
stroke of the pump jack, pressure in the liquid
pipes 8 and 19 is sufficiently high"to overcome
the pressures then existing in pipes 20 and 80 and
to cause movement of the piston 715 tg the right
as shown in Fig. 5 and such movement causes the
right hand plunger 16 to compress and discharge
air from the right hand cylinder 11, through
check valve 83 and pipe 13 into the high pressure
air line 7 which leads through pipes 42 and 41
to the fluid storage chamber 19. The left hand
plunger 16 during said stroke likewise moves to
the right thus causing a partial vacuum in the
left hand cylinder 77 whereby said cylinder is
filled with air entering through the lef hang pipe
81 and inlet valve 82, »

During the alternate or downstroke of the
pump jack the differential pressures in said ac-
tuating liquid pipes are reversed and the piston
and plungers will.move to the opposite or left
hand end of their stroke and in like manner com-
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press and discharge -air from the left hand cyl-
inder through pipe.72 and thence into.the storage
chamber 19, Said movement to the left mean-
while causes.the right hand cylinder to refill with
air available for compression during the next
succeeding upstroke which completes the cora-
_ pression cycle. As the air compression plungers
716 are constantly Mersed in liquid it is there-
fore possible to generate high pressures without
undue heating and thus automatically maintain
any desired high pressure in the chamber 9. A
pop. valve 40’ may be set as desired to release any
excess pressure existing in the system,

In pumping modern deep oil wells, especially
when operating at high speed, a too rapid check-
ing of the momentive and gravitational forces
generated by the weight of the descending rods
will cause very destructive shocks and stresses to
the sucker rods and pumping equipment. This
damage is eliminated or nullified by employment

of the fluid flow retarding valve 88’, Fig. 6 which

acts to slow down as desired the action of the re-
verse valve 10 at one end of its stroke. The valve
88’ has a hinged disc 89 therein which permits a
free flow of fluid past said disc-in one direction
but. which may be regulated by the adjusting
screw 92 to check or limit the flow of fluid in
the opposite direction thereby slowing down the
operation of the reversing valve 10 as desired. .

A modification of the application of said fluid
retarding valve 88’ consists in introducing a simi-
lar or substitute flow retarding valve in one of the
lines 46 or 54 which supply air to actuate the re-
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chamber thereon, a pneumatic fluld chamber
thereon, a differential pressure plunger freely
supported " to float between said chambers to
maintain a predetermined pressure on the liquid

‘in the Iiquid chamber due to the pressure of the

fluid in tHe pneumatic chamber, means in said
housing to receive the leakage from each of said
chambers, and means to exhaust the pressure
fluid and to return the liquid to the system.,

2. In a Hydrppneumatic well pumping system
where an actuating liquid is loaded with a pneu- .
matic fluld, a plunger disposed between the liquid
and fluid, said plunger being disposed to float
between the liquid and fluid to transmit move- -
ment to one or the other depending on the pre-
dominant force, said plunger having different
sized exposed surfaces in said liquid and fluid
so as to obtain a differential in pressures, said

‘plunger being hollow and open to the pneumatic

fluid end to provide a storage chamber for a
quantity of such pneumatic fluid..

3. In a hydropneumatic pumping system for
wells wherein a flow of actuating liquid is con-
trolled to effect the pumping action, an accu-
mulator including a pneumatic pressure chamber,
an actuating liquid chamber, an intermediate
closed reservoir receiving fluids including actu-
ating fluid and pneumatic fluid from their re-

" spective chambers, a Dressure plunger freely

30

verse valve 18 thus slowing the movement of said ~

reverse valve at one end of its stroke. A further
modification of such mechanism consists of elimi-
nating the adjusting screw, 92 and providing or
boring a hole or passageway through the disc 89
of proper size to limit the fluid fiow past said dise,
to the proper amount to slow down the action of
the reversing valve 108 as desired.

It is to be understood that under normal op-
erating conditions a sufficient volume of liquid
should be maintained in the system to prevent the
lower end of the ram 66 from entering the dash
pot 65. In other words, the downstroke of the ram
is preferably terminated approximately as shown
in Fig. 3.

The pump 2 is operated by means of g drive.

wheel 85 which may be driven by a belt or a suit-
able motor. ’
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The reversing valve {0 may have suitable con-

trol valves, such as 86 and 88’ thereon to control
the action thereof because it is desirable that it
be operated so as to avoid any shock to the sys-
tem. Suitable vent valves 81 may also be pro-
vided if desired.

Tt is to be understood of course, that all the
pipe connections have. suitable valves and vents
therein as may be desired to maintain and con-
trol the pressures. .

A pipe 90 is shown in Fig. 1 which may serve
as a drain. or filler for the system or the pump 12.

Broadly, the invention contemplates a hydro-
pneumatic pumping system wherein the pressures
are automatically maintained for actuating liquid
and replenishing the actuating liquid and wherein
the pressure fluids are excluded from each other
50 as to provide an economic and successful pump-
ing system. '

What is claimed is:

1. In a hydropneumatic pumping system for
wells wherein a flow of actuating liquid is con-
trolled fo effect the pumping action, an accumu-
lator including & housing, an actuating liquid
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suported to float between and within said cham-
pbers to maintain a predetermined pressure on
the liquid within the liquid chamber due-to the ~
pressure of the fluld in the pneumatic chamber,
means to conduct the actuating fluid from the
intermediate reservoir to the pumping system and
means for establishing a maximum fluid pres-
sure which may be attained within the inter-
mediate reservoir. .

4. A device of the character set forth in claim
3 including means permitting the free entry of
atmospheric air to the intermediate reservoir.

5. In a hydropneumatic pumping system for

‘wells wherein a flow actuating liquid is con-

trolled to effect the pumping action, an accumu-
lator including a pneumatic fluid chamber, an
actuating liquid chamber spaced therefrom, an
intermediate closed reservoir between and con-
necting said chambers to receive fluld leakage
from both of said chambers, a pressure plunger
having longitudinal aligned lengths of different
diameters said plunger exténding across the in-
termediate reservoir with one of its ends recipro-
cally mounted within the actuating liquid cham-
pber. and the other of its ends reciprocally
mounted within the pneumatic fluid chamber
whereby movement of the plunger length of
largest diameter from its chamber into the in-
termediate reservoir will increase the pressure
of fluid within said reservoir by fluid displace-
ment, means to conduct the actuating fluid from
the intermediate reservoir to the pumping sys-
tem and means acting to prevent a counterflow
of said fluid through the conducting means.

6. In a device of the character set forth in
claim 5 including means for limiting the pres- -
sure of fluid occurring within the intermediate
reservoir. :

7. In a device of the character set forth in
claim 5 including means for limiting the pressure
of fluid occurring within the intermediate reser-
voir and means permitting the entry of air into
said reservoir when the fluid pressure within the
reservoir is lower than atmospheric pressure.

JAMES F. ROSS.



