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9 Claims.
1

My invention relates to fluid-operated pumps
for wells, and, more particularly, to a fluid-op-
- erated pumping device comprising a fluid-oper-
ated main pump having an auxiliary or booster
pump associated therewith for increasing the
pressure of the well fluid delivered to the inlet
of the main pump above that obtaining at the
intake of the booster pump.

Fluid-operated pumps are commonly used in
the oil industry for pumping oil from wells, such
a pump comprising, in general, a coupled motor
and pump combination set in the wel] at the level
from which oil is to be pumped. In such a com-
bination, the motor comprises a motor piston
which is actuated by alternatively admitting an
operating fluid, such as clean crude oil, under rel-
atively high pressure into opposite ends of a mo-
tor cylinder in which the motor piston is disposed
so as to reciprocate the motor piston. The re-
ciprocating motion of the motor piston is com-
municated to a pump piston in the pump section
of the combination so that the pump piston
pumps. oil from the well.

The fluid being pumped from ia well may con-
tain, in addition to oil, various other fluids such
as water and natural gas, the gas being present
in solution or in suspension in the oil in varying
quantities depending upon the pressure and tem-
perature conditions prevailing in the well. Also,
if the well is being pumped beyond its capacity
to produce, air may be present in the fluid being
pumped. If the oil is saturated or super-satu-
rated with natural gas at the conditions of pres-
sure and temperature prevailing at the level at
which the pump is set, a large portion of the gas
may be released during the suction stroke of the
pump piston to form a gas pocket in the pump
cylinder. Also, of course, in many wells the ‘well
fluid is merely a froth composed largely of gas
with a relatively small volume of oil. In either
case, or if air is drawn into the pump cylinder, a
pocket of gas or air in the pump cylinder results.
Such pockets result in a material reduction in the
pumping load until such time as the pump piston
compresses the gas or air present and strikes solid
well fluid in the cylinder.

Such fluid-operated pumps are frequently set
at relatively great depths and, consequently, a
large volume of operating fluid under relatively
high pressure is confined in the supply tubing be-
tween the pump in the well and the apparatus on
the surface which delivers the operating fluid to
the pump. Due to the appreciable compressibil~
ity of this large volume of operating fluid, and
due to the expansion of the supply tubing under

10

15

20

25

30

35

40

45

50

55

2

the relatively high pressure at which the-operat-
ing fluid is maintained, a large amount of en-
ergy is stored under normal operating conditions.
If, because of the presence of gas or air in the
pump cylinder, the load on the pump piston de-
creases, a sudden increase in the rate of flow of
operating fluid to the pump occurs, thereby ac-
celerating the motor and pump pistons. The
speed ultimately attained may be excessive and
the pump may race for a portion of a stroke, or
for a number of strokes, which is normally detri-
mental to various components of the pump. Var-
ious expedients for preventing damage to the
pump mechanism under such conditions have
been employed. For example, flow regulators dis-
posed in the supply line for the operating fluid
have been employed to maintain the rate of de~
livery of operating fluid to the motor section of
the pump below a value which might be harmful
to the pumping equipment. While such flow
governors are practical under most conditions of
operation, they have some disadvantages in that
they increase the cost of the pumping equipment
and render the equipment rather complicated.
Also, there is some lag in their operation since
they respond only after the condition requiring
compensation has already developed.

Also, the presence of gas or air in the pump
cylinder has a detrimental effect on the efficiency
of such a fluid-operated pump. For example, if,
in a given installation, thirty percent of the pump
cylinder of the fluid-operated pump contains free
gas or air, the efficiency of the pump, i. e, the
percentage of the volume of the pump cylinder
which contains solid well fluid, will be only sev-
enty percent. In other words, under such con-
ditions; the fluid-operated pump will pump well
fluid from the well at only seventy percent of
capacity.

In view of the foregoing considerations, it is
a primary: object of the present invention to pro-
vide, in combination with a conventional fluid~
operated pump, an auxiliary or booster pump
which is-adapted to draw well fluid from the well
and to-deliver it to the inlet of the fluid-operated
pump. at an increased pressure such that the
major portion of the gas or air in-the well fluid
will not flash out to form a pocket in the pump
cylinder of the main pump. I accomplish this
by providing a boester pump which will main-
tain the pressure of the well fluid passing into
the pump cylinder of the main pump-at.a value
equal to or-above the pressure prevailing in the
well at-the inlet of the pumping device. A fur-
ther object -of the invention is: to provide: a
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booster pump which will compress any free gas
or air entrained in the well fluid to a substantial
extent before it is delivered to the inlet of the
main pump.

It will be apparent that employing a booster
pump in combination with a fluid-operated main
pump in the foregoing manner will obviate, or at
least minimize, the difficulties hereinbefore dis-
cussed. In other words, the employment of a
booster pump will tend to obviate the racing of
the main pump and to increase the pumping
efficiency thereof. As an example, let it be as-
sumed that the pumping efficiency of the main
pump is only seventy percent when the pressure
at the inlet thereof is approximately equal to
atmospheric pressure. With the present inven-
tion, if the particular booster pump utilized is
adapted to increase the pressure of the well fluid
delivered to the inlet of the main pump to three
hundred pounds per square inch, the free gas or
air which otherwise would occupy thirty percent
of the volume of the pump cylinder of the main
pump will be compressed to occupy only approxi-
mately 1.4 percent of the volume of the pump

cylinder, thereby increasing the efficiency of the =

main pump to approximately 98.6 percent under
such conditions.

Another object of the present invention is to
provide such a pumping device, i. e., such a fluid-
operated main pump and booster pump combina-
tion, in which the booster pump is directly con-
nected to the main pump so as to be operable
thereby. More specifically, it is an object to pro-
vide a fluid-operated pumping device wherein

the booster pump includes a booster pump piston 3

directly connected by rod means to one of the
pistons of the main pump, preferably the pump
piston thereof.

A further object of the invention is to provide

in such a pumping device a booster pump of the

double-acting type so as to maintain substantially
constant pressure at the inlet of the main pump.

Another object is to provide such a pumping
device wherein the main and booster pumps are
removable as a unit.

Still another object is to provide a pumping
device of the character mentioned wherein the
main and booster pumps are insertable into a
tubular receiver which provides a seat.

A further object is to provide a booster pump

having pressure relief valve means for by-passing
fluid discharged by the booster pump piston to
the well in the event that the pressure of the fluid
delivered to the inlet of the main pump tends to
exceed a predetermined value.

Another object of the invention is to provide *

a pumping device wherein the rod means con-
necting the various pistons of the main and
booster pumps is hydraulically balanced with re-
spect to operating fluid pressure.

The foregoing objects and advantages of the
present invention, together with various other
objects and advantages thereof which will become
apparent, may he attained through the employ-
ment of the exemplary embodiment of the inven-
tion which is illustrated in the accompanying
drawings and which is described in detail herein-
after.

Referring to the drawings:

Fig. 1 is a utility view on a reduced scale show-
ing a fluid-operated pumping device which em-
bodies the invention as installed in a well;

Fig. 2 is a longitudinal sectional view of the
upper -end of a preferred booster pump of the
invention and is taken along the broken line 2—-2
of Fig. 1 of the drawings;
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Mg, 3 s a downward continuation of Pig. 2 and
is taken along the broken line 3—3 of Fig. 1;

TFig. 4 is a downward continuation of Fig. 3 and
ig taken along the broken line 4—4 of Fig. 1;

Pig. 5 is a tranverse sectional view taken along
the broken line 4-——4 of Fig. 2; and,

Figs. 6 and 7 are transverse sectional views re-
spectively taken along the broken lines 6—56 and
1—17 of Fig. 4.

Referring particularly to Fig. 1 of the draw-
ings, I show an oil well lined with a casing 10 hav-
ing perforations 11 which register with an oil
producing formation through which oil and
other fluids may flow into the interior of the
casing, the fluids entering the casing being col-
lectively referred to hereinafter as the well fluid.
Extending downwardly into the casing 10 is &
production tubing 13 which is adapted to convey
well fluid to the surface of the ground, and ex-
tending downwardly into the production tubing
in the particular construction illustrated is a
power tubing {4 having a fluid-operated main or
primary pump {5 connected to the lower end
thereof. Connected to the lower end of the main
pump {5 is an auxiliary or booster pump |6 which
is adapted to pump well fluid from the casing 10
to the inlet of the main pump at a pressure high-
er than that obtaining at the intake of the
booster pump, as will be discussed in more detail
hereinafter. The main and booster pumps 15
and 16 extend into a tubular receiver {7 which,
in effect, forms an extension of the production
tubing I3 and which is secured to the lower end
thereof, the main and booster pump assembly
seating on a tapered seat 8 at the lower end of
the receiver 171, as shown in Fig. 4 of the draw-
ings.

The fluid-operated main pump 1§ may be of
any conventional type, such as that shown in my
Patent No. 2,081,220, issued May 25, 1937, which
is adapted to pump well fluid from the casing 10
upwardly through the production fubing {3 to
the surface. As shown diagrammatically in
dotted lines in Fig. 1 of the drawings, the fluid-
operated main pump [5 is provided with a motor
cylinder 2 having a motor piston 22 therein, and
is provided with a pump cylinder 23 having a
pump piston 24 therein, the motor and pump pis~
tons respectively being provided with longitudi-
nal passages 25 and 26 therethrough. Con-
nected to the upper end of the motor piston 22
and communicating with the passage 25 there-
through is an upper tubular rod 21. Connect-
ing the motor and pump pistons 22 and 24 and
communicating with the respective passages 23
and 26 therethrough is an intermediate tubular
rod 29, and connected to the lower end of the
pump piston is a lower tubular rod 30 for directly
connecting the main pump {5 to the booster
pump (6 as will be discussed in more detail here-
inafter.

Briefly, the fluid-operated main pump (5 oper-
ates as follows: operating fluid, such as clean
crude oil, under relatively high pressure is alter-
nately admitted into opposite ends of the motor
cylinder 21 to reciprocate the motor piston 22
therein, such reciprocatory motion of the motor
piston being communicated to the pump piston
24 by the intermediate tubular rod 29. The pump
piston 24 discharges fluid into the production
tubing (3, which conveys the fiuid upwardly to
the surface.

Considering the pumping device in more -detail,
the tubular receiver {1, which, as previously indi-
cated, is connected to the lower end of the pro-
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duction tubing I3, includes a plurality of com-
ponents, one of these being a tubular coupling
33 which- is threaded onto the lower end of the
production tubing, as best-shown in Fig. 2 of the
drawings. . Threaded into the coupling 33 is a
sleeve 34 and threaded onto this sleeve is an-
other tubular coupling 35 having a portion of re-
duced diameter which is threaded into a tubular
intake fitting 6, as best shown in Fig. 3 of the
drawings. Threaded onto the lower end of the
intake fitting 36 is a sleeve 37 and, as best shown
in Fig. 4, threaded into the lower end of this
sleeve is another tubular intake fitting 38. An-
other sleeve 39 is threaded into the lower end of
the intake fitting 38 and threaded onto the lower
end of the sleeve 39 is a tubular pump seat mem-
ber 49 which provides the previoysly mentioned
pump seat 18.

Referring to Fig. 2 of the drawings, the main
pump 15 terminates at its lower end in a tubular
inlet and discharge fitting 43 which is of smaller
diameter than the internal diameter of the pro-
duction tubing {3 to provide an annular space 44
through which well fiuid discharged by the main
pump may flow upwardly. The annular space 44
is -closed at its lower end when the main and
booster pumps 15 and 16 are in their operating
positions by a sealing ring 45 which is carried in
an annular groove 46 in the fitting 43 and which
is adapted for fluid-tight engagement with a
sleeve 47 pressed into the tubular coupling 33.
Well fluid discharged by the main pump 15 enters
the annular space 44 within the production tubing
13 through discharge passages 48 in the fitting
43, only one of these discharge passages being
visible in Fig. 2 of the drawings. The fitting 43 is
also provided with longitudinal passages which
serve as inlet ports 49 for the main pump 1i5,
these inlet ports being shown best in Fig. 5 of the
drawings.

Considering the booster pump 16 in more de-
tail, it includes a tubular fitting 52 which is
seated against the lower end of the fitting 43, the
fittings 43 and 52 respectively being provided with
registering annular grooves 53 and 54 which com-
municate with the inlet ports 49 in the fitting 43.
The fitting 52 is provided with a plurality of
longitudinal passages 55 therethrough, only one
of which is visible in Fig. 2 of the drawings, which
also communicate with the registering annular
grooves 53 and 54.

Seated against the lower end of the fitting 52
is a tubular fitting 58 having a stem 59 which is
threaded into the fitting 52. Also seated against
the lower end of the fitting 52 is another tubu-
lar fitting 60 having an internal diameter which
is greater than the external diameter of the fit-
ting 58 to provide an annular passage 61 there-
between, the passage 61 communicating with the
lower ends of the longitudinal passages §5
through the fitting 52.

Seated against the lower end of the fitting 60
is a tubular discharge 62 having a plurality of
Jongitudinal passages 63 therethrough which
communicate at their upper ends with the an-
nular passage 61, the passages 63 being regarded
as discharge ports for the booster pump [6 as
will be discussed in more detail hereinafter. A
sleeve 64 encloses the fittings 52 and 60 and is
threaded at its ends onto the fittings 43 and 62
to clamp the fittings 43, 52, 66 and 62 together.

Referring particularly to Fig. 3 of the draw-
ings, threaded onto the lower end of the dis-
charge fitting 82 is a booster pump cylinder 67.
The external diameter of the booster pump eylin-

10

15

20

30

40

55

69

85

70

75

6

der approaches:the interndl diameters of the in-
take fittings 36 and.38 so as. to make substan-
tially fluid-tight . contact therewith, but is-slightly
less than the internal diameters-of the intake
fittings. so ‘as to permit insertion:of- the booster
pump {6 into and withdrawal thereof from: the
tubular receiver 7.

Threaded .into the: lower end of the booster
pump cylinder 67 is'a tubular fitting 68 gnd con-
nected to the lower end of this fitting by a- cou-
pling 69 is. a. member 10 having a tapered exter-
nal surface Tl which is adapted to engage the
pump seat {8 to support the main and booster
pumps 15 and 16. ‘

Referring particularly to Figs. 2-and 3: of the
drawings, the lower tubular rod: 30 of the main
pump 1§ extends downwardly from the pump
piston 24 of the main pump through the tubular
fittings 43, 52,.58 and 62 into the booster pump
cylinder 61 wherein it is threaded into a tubular
booster pump piston 75, suitable packings 16 and
1T respectively being provided between the rod
30 and the fittings 43, 52 and-between the rod- 30
and the fittings 62. As best shown in Figs. 3 and
4 of the drawings, a tubular rod 18 is threaded
into the lower end of the tubular pump piston
15 and projects from the lower end of the booster
pump cylinder 67 through the tubular:fitting 68
into a balance chamber 19 which is threaded into
the fitting 68, suitable packing 80 being provided
between therod 18 and the fitting 68.

It will be apparent that with this-construction,
the main and booster pumps 15 and {6 are hy-
draulically balanced insofar as the transverse
rod areas ‘are concerned, the upper end of the
upper tubular rod 27 of the main pump. being
exposed to operating fluid pressure in the power
tubing 14, as shown in Fig. 1 of the drawings, and
the lower end of the tubular rod 18 being exposed
to operating fluid pressure in the baldnce cham-~
ber 18, as shown in Fig. 4 of the drawings. Op-
erating fluid enters the balance chamber 79
through the upper tubular rod 27, the passage
25 through the motor piston 22 of the main pump,
the intermediate tubular rod 29, the passage 26
through the pump piston 24 of the main pump,
the lower tubular rod 30, the tubular booster
pump piston 15 and the tubular rod 18.

Considering the booster pump piston 18 in

. more detail and referring particularly to Fig. 3

of the drawings, it includes a tubular core 83 into
which the tubular rods 30 and 18 are threaded,
this core having an external flange 84 thereon
intermediate its ends. Seated against opposite
sides of the flange 84 are oppositely disposed
packing cups:85 which are formed of a flexible
and resilient material such' ds leather, oil-re-
sistant rubber, or the like. Extending into and
seated against the base wall of each packing cup
85 is a spacer 86 and:seated against each spacer
86 is a packing cup 81, the packing cups 87
being oppositely disposed and being identical to
the packing cups 85. Extending into.and seated
against the base walls of the packing cups 87
are spacers 838, the latter being engaged by nuts
£9 threaded on the ends of the cores 83 to hold
the components of the booster pump-piston. 15 in
assembled relationship.

Referring particularly to Pig. 3 of the draw-
ings, threaded into the tubular fitting 62 at the
upper end of the booster pump-eylinder 671 and
encircling the rod 30 is a sleeve 92 and threaded
onto this sleeve is an insert 93 ‘which is embedded
in an -intake valve 94 of the cup type, the intake
valve being formed of o flexible and resilient ma-
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terial. Preferably, the valve 94 is formed of a
rubber-like material of an oil-resistant nature,
such as “neoprene,” for example. The intake
valve 94 is provided with a skirt which is adapted
to close intake ports 93 in the booster pump
cylinder 67 when the pressure within the booster
pump cylinder exceeds that in the intake ports
and which is adapted to be deformed inwardly to
open the intake ports when the pressure in the
cylinder 61 is reduced below that in the intake
ports. ‘The intake ports 95 communicate with an
internal annular groove 396 formed in the upper
intake fitting 36, the groove 96 in turn commu-
nicating with the well through intake ports 37 in
the fitting 36.

The intake valve 94 is provided with a plurality
of longitudinal passages 100 therethrough which
communicate with the discharge ports 63
through an annular space {01 between the fitting
§2 and the valve 94. Disposed in the annular
space 101 and encircling the sleeve 82 is a dis-
charge valve 102 having projections 193 which
are insertable into the passages 108 in the intake
valve 94 to close them, the discharge valve being
biased toward its closed position by a spring 104
which is seated against the lower end of the dis-
charge fitting 62. The spring {04 is adapted to
permit the discharge valve 102 to open when the
pressure in the booster pump cylinder 61 above
the booster pump piston 15 exceeds the pressure
in the discharge ports 63, and to close the dis-
charge valve when such pressure is less than that
in the discharge ports. )

Referring now to Fig. 4 of the drawings,
threaded into the tubular fitting 68 at the lower
end of the booster pump cylinder 67 is a sleeve
107 onto which is threaded an insert 108 em-
pedded in an intake valve 108 which is identical
to the intake valve 94, the intake valve 169 con-
trolling flow through intake ports [{0 in the
booster pump cylinder. The intake ports 110
communicate with an internal annular groove
{11 in the lower intake fitting 38, which groove
in turn comunicates with the well through intake
ports 112 in the fitting 38.

The intake valve 109 is provided with longitu-
dinal passages [15 therethrough which corre-
spond to the longitudinal passages 100 through
the intake valve 94 and which communicate with
an annular space [{6 between the fitting 68 and
the intake valve 109. Disposed in the annular
space |16 and encircling the sleeve 107 is a dis-
charge valve [T having projections (18 which
are insertable into the longitudinal passages (19
to close them, the discharge valve | {1 heing iden-
tical to the discharge valve 102 and being biased
toward its closed position by a spring {19 which
is seated against the fitting 68.

Referring to Figs. 4 and 7 of the drawings,
communicating with the annular space (16 con-
taining the discharge valve 11T is a plurality of
radial ports 122 in the booster pump cylinder 61,
these ports communicating with an annular
groove 123 in the lower intake fitting 38. Formed
in the fitting 38 and communicating at their
lower ends with the annular groove (23 are lon-
gitudinal passages 124 which, as best shown in
Figs. 3 and 4 of the drawings, communicate at
their upper ends with an annular passage 125
between the sleeve 31 of the tubular receiver 17
and the booster pump cylinder 67. The annular
passage (25 communicates at its upper end with
the lower ends of longitudinal passages {26 in
the upper intake fitting 36, the passages 126 com-
municating at their upper ends with an annular
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groove 127 in the fitting 36. 'The groove 127 com-
municates with the annular space (01 contain-
ing the discharge valve (02 through radial ports
{28 in the booster pump cylinder 67.

Considering the operation of the booster pump
16, during the upward stroke of the motor and
pump pistons 22 and 24 of the main pump I5,
the booster pump piston 15 is moved upwardly
in its cylinder 67 by the rod 30, the booster pump
piston being shown in its uppermost position in
Fig. 3 of the drawings. During its upward stroke,
the booster pump piston 15 discharges well fluid
contained in the cylinder 671 thereabove into the
annular space J01 containing the discharge valve
102, the discharge valve unseating to permit this
to occur. Outflow into the well through the in-
take ports 95 is prevented by the skirt of the
cup-type intake valve 94. From the annular
space (01, the well fluid discharged by the booster
pump piston 15 enters the discharge ports 83 and
ultimately reaches the inlet ports 49 of the main
pump 15 through the previously-described in-
tervening passages.

Also during the upward stroke of the booster
pump piston 15, well fluid is drawn into the
booster pump cylinder 67 beneath the piston
through the intake ports i12, the annular groove
141 and the intake ports 110, the skirt of the cup-
type intake valve (09 deforming inwardly to per-
mit this to occur. At the same time, the dis-
charge valve |17 closes the longitudinal passages
{15 through the intake valve 109.

During the downward stroke of the motor and
pump pistons 22 and 24 of the main pump I5,
the rod 380 moves the booster pump piston 15
downwardly in its cylinder 61. During its down-
ward stroke, the booster pump piston 75 dis-
charges well fluid contained in the cylinder 67
therebeneath through the longitudinal passages
115 in the intake valve 109 and into the annular
space {6 containing the discharge valve (17, the
discharge valve (1T opening to permit this to
occur. During the downward stroke of the
booster pump piston 75, the intake valve 109
closes the intake ports 110 to prevent outflow into
the well. From the annular space {6, the well
fluid discharged during the downward stroke of
the booster pump piston flows upwardly to the
discharge ports 63 by way of the radial ports 122
in the booster pump cylinder 61, the annular
groove 123 in the intake fitting 38, the longitudi-
nal passages (24 in this fitting, the annular pas-
sage 125 between the sleeve 3T and the booster
pump cylinder, the longitudinal passages (26 in
the intake fitting 36, the annular groove 127 in
this fitting and the radial ports 128 in the booster
pump cylinder. From the discharge ports 63 the
fluid discharged during the downward stroke of
the hooster pump piston 75 flows upwardly
through the previously-described intervening
passages to the inlet ports 49 of the main
pump 15.

Thus, by discharging well fluid on both strokes
of the booster pump piston 15, the booster pump
{8 delivers well fluid to the inlet ports 49 of the
main pump (5 at a substantially constant rate
and at a substantially constant pressure, which
is an important feature of the invention.

Referring particularly to Fig. 4 of the drawings,
the booster pump 16 includes pressure relief valve
means {35 for by-passing fluid discharged by the
booster pump piston 15 into the well in the event
that the pressure of the well fluid delivered to the
inlet ports 49 of the main pump (5 exceeds a
predetermined value. The pressure relief valve
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means 135 is cairied by the member 70 which
is seated on the pump seat 18 and includes a bau
valve 136 carried by a retainer 137 and urged
into engagement with a seat 138 by a spring 139.
The seat 138 encircles a passage 140 which com-
municates with a recess I41 in the member T8,
the fitting 68 being provided with longitudinal
passages 142 which connect the recess 141 to the
annular space 16 containing the discharge valve
{11. The member 10 is also provided with radial
passages 143 which connect the recess 14! to.an
annular passage (44 between the booster pump
16 and the tubular receiver i1, the annular pas-
sage 144 communicating at its upper end with
the annular groove 23 in the fitfing 38. Thus,
well fluid discharged by the booster pump piston
15 may flow into the passage 140 controlled by the
ball valve 136 through the longitudinal passages
142 in the fitting 68, or through the annular
passage 144,

In the event that the pressure of the well fluid
discharged by the booster pump piston 75 rises
above a predetermined value for any reason, the
spring 138 is compressed to. permit the ball valve
(36 to unseat, thereby permitiing fluid to flow
through the passage 140 into a recess 145 con-
taining the ball valve 136, the retainer 137 and
the spring 1(39. The member 10 is provided with
radial passages {46 through which fluid may flow
from the recess 145 into the well upon unseating
of the ball valve 136. ‘

Thus, the auxiliary or booster pump 16 delivers
well fluid to the inlet ports 49 of the fluid-oper-
ated main pump i5 at an elevated pressure to
minimize the formation of gas or air pockets in
the pump cylinder 23 of the main pump, whereby
to inerease the efficiency of the main pump and
to minimize the possibility of damage to the com-
ponents thereof which may resulf from the for-
mation of gas or air pockets in the pump cylinder
23 as previously discussed. The booster pump I8
preferably delivers a relatively large volume .of
well fluid to the main pump at a relatively low
pressure, the effective cross sectional area .of the
booster pump piston 15 being substantially larger
than that of the motor piston 22 of the main
pump to accomplish this. In practice, the ratio
of booster pump piston area to motor piston area
may be four to one, for example. Thus, the major
portion of the work necessary to pump well fluid
to the surface is performed by the main pump 5,
the funection of the booster pump 16 being to de-
liver the well fluid to the main pump at a pressure
sufficient only to prevent excessive formation of
gas pockets in the pump cylinder 23 of the main
pump, which pressure preferably exceeds the
pressure obtaining at the intake ports 95, 97 and
{18, 112 of the booster pump.

In the event that the pressure developed by
the booster pump 18 rises above the value deter-
mined by the spring 139 of the pressure relief
valve means i35 for any reasons, the ball valve
i35 will unseat to by-pass fluid fo the well, as
hereinbefore discussed.

As will be apparent, the main pump i5 and
the booster pump 16 may be installed in or
removed from the well as a unit, the booster
pump being slidably positioned in the tubular
receiver 11. As hereinbefore discussed, when
the main and booster pumps are in their respec-
tive operating positions with the booster pump
in engagement with the pump seat I8, the seal-
ing ring 45 carried by the main pump provides
s Auid-tight seal between the main and booster
pumps.
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Although I have disclosed an exemplary em-
bodiment of the invention for purposes of illus-
tration, it will be understood that various
changes, modifications and substitutions may be
incorporated in the specific embodiment dis-
closed without necessarily departing from- the
spirit of the invention and I hereby reserve the
right. to all such changes, modifications " and
substitutions. B ‘

I claim as my invention:

1. In a fluid-operated pumping device, the
cotnbination of: a fluid-operated main pump: of
the reciprocating type adapted to be positioned
in a well and to pump well fluid from the well
to the. surface, said. main pump being provided
with an inlet port; a double-acting auxiliaty
pump of the reciprocating type provided” with
intake port means which is adapted to comi=
municate with the well and provided with dis-
charge port means; means providing a closed,
pressure-maintaining passage communicating
only with said inlet port and said discharge port
means so as to maintain fluid pressure. in said
inlet port substantially equal to that in said dis-
charge port means; and means mechanically
connecting said auxiliary pump. to said main
pump for operating said auxiliary pump so as
to pump well fluid from the well to said inlet
port at a pressure higher than that in said intake-
port means. S i

2. ITn a fuid-operated pumping device, the
combination of: a fluid-operated main pimp of
the reciprocating type adapted to be positioned
in a well and to pump well fluid from the well
to the surface, said .main pump. in¢liding con-
nected motor and pump. pistons and beéing. pro-
vided with an inlet port; a double-acting auxil-
iary pump of the reciprocating type axially-
aligned with the main pump and includinga.
pump piston, said auxiliary -pump being. pro-
vided with intake port means. adapted to com-
municate with the well and  discharge port.
means; means providing a. closed, Dressure-
maintaining passage communicating only with:
said inlet port and said discharge port. means:
s0 as to maintain fiuid pressure in said inlet’
port substantially equal to that in said discharge
port means; and rod means directly connecting:
said pump piston of said auxiliary pump to one
of said pistons of said main pump for operating
said auxiliary pump so as to pump well fluid
from the well into said inlet port at a pressure
higher than that in said intake port means.

3. In g fuid-operated pumping device, the
combination of: a fluid-operated main pump of
the reciprocating type adapted to be positioned
in a well to pump well fluid from the well to
the surface, said main pump ineluding connected
motor and pump pistons and being provided
with an inlet port; a double-acting auxiliary
pump of the reciprocating type axially aligned
with said main pump and provided with a pump
cylinder having g pump Dpiston reciprocable
therein, said auxiliary pump being provided with
intake port means adapted to communicate with
the well and communicating with the ends of
said auxiliary pump cylinder, and being pro-
vided with discharge port means communicating
with the ends of said auxiliary pump cylinder,
said auxiliary pump having intake valve means
controlling flow of fluid through said intake port
means, and having discharge valve means con-
trolling flow through said discharge port means;
means providing a closed, pressure-maintaining
passage communicating only with said inlet port
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and said discharge port means so as to maintain
fluid pressure in said inlet port substantially
equal to that in said discharge port means; and
rod means directly connecting said auxiliary
pump piston to one of said pistons of said main
pump for operating said auxiliary pump so as
to pump well fluid from the well into said inlet
port at a pressure higher than that in said intake
port means.

4. A fluid-operated pumping device as set
forth in claim 2 wherein said auxiliary pump
includes a balance chamber and wherein said
rod means is tubular and extends into said bal-
ance chamber. :

5. In a fuid-operated pumping device, the
combination of: a fluid-operated main pump of
the reciprocating type adapted to be positioned
in a well to pump well fluid from the well to
the surface, said main pump including connected
motor and pump pistons and being provided with
an inlet port; a double-acting auxiliary pump
of the reciprocating type axially aligned with
said main pump, said auxiliary pump including
a pump cylinder having a pump piston recipro-
cable therein, said auxiliary pump being provided
with intake port means adapted to communicate
with the well and discharge port means; means
providing a closed, pressure-maintaining pas-
sage communicating only with said inlet port
and said discharge port means so as to maintain
fluid pressure in said inlet port substantially
equal to that in said discharge port means; rod
means directly connecting said auxiliary pump
piston to one of said pistons of said main pump
for operating said auxiliary pump so as to pump
well fluid from the well into said inlet port at a
pressure higher than that in said intake port
means; and pressure relief valve means carried
by said auxiliary pump cylinder for by-passing
fluid from said discharge port means to the well.

6. In combination with production and power
tubings set in a well and a tubular receiver which
is connected to one of said tubings and which
is provided with a seat, a fluid-operated pump-
ing device adapted to be inserted into said re-
celver and to seat on said seat, comprising: a
fluid-operated main pump of the reciprocating
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type provided with connected motor and pump
pistons and an inlet port; a double-acting auxil-
iary pump axially aligned with said main pump,
said auxiliary pump including a pump cylinder
having a pump piston reciprocable therein, and
said auxiliary pump being provided with intake
port means adapted to communicate with the
well and discharge port means; means providing
a closed, pressure-maintaining passage communi-
cating only with said inlet port and said dis-
charge port means so as to maintain fluid pres-
sure in said inlet port substantially equal to that
in said discharge port means; and rod means
directly connecting said auxiliary pump piston
to one of said pistons of said main pump for
operating said auxiliary pump so as to pump well
fluid from the well into said inlet port at a pres-
sure higher than that in said intake port.

7. A fluid-operated pumping device as defined
in claim 2 wherein said auxiliary pump is secured
to said main pump so that said main and auxil-
iary pumps are installable in and removable from
the well as a unit.

8. A fluid-operated pumping device as defined
in claim 6 wherein said auxiliary pump is secured
to said main pump so that said main and auxil-
iary pumps are insertable into and removable
from said receiver as a unit.

9. A fluid-operated pumping device as defined
in claim 6 including annular sealing means car-
ried by said pumping device intermediate said
main and auxiliary pumps and adapted to engage
said receiver in fluid-tight relation therewith.

CLARENCE J. COBERLY.
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