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1

"My invention relates in general to tubing sys-
tems for fluid-operated well pumps and, more
particularly, to a closed tubing system for a fluid-
operated well pump of the so-called “free” type.

Reference is hereby made to my copending ap-
blications Serial No. 93,483, filed May 16, 1949,
Serial No. 93,484, filed May 16, 1949, and Serial
No. 93,481, filed May 16, 1949. ’

It is conventional in the oil industry to employ
a well pumping apparatus which includes a free
fluid-operated pump, such a pump being mov-
able into and out of the well through a tubing
set in the well and being adapted to assume an
operating position at the lower end of such tubing.
Examples of such fluid-operated, free-pump sys-
tems are disclosed in my Patent Nos. 2,230,830,
granted February 4, 1941, and 2,338,903, granted
January 11, 1944,

In conventional fluid-operated, free-pump sys-
tems, such as those disclosed in my aforemen-
tioned patents, two tubings are employed, one for
conveying operating fluid downwardly in the well
to the pump and the other for conveying fluid
produced by the well upwardly therein from the
pump to the surface, the two tubings being re-
ferred to hereinafter as the supply and produc-
tion tubings, respectively. In such conventional
systems, the pump is movable into its operating
position through the supply tubing. The sup-
ply and production tubings are interconnected
at their lower ends in fluid communication with
each other and with the well so that the pump
may receive operating fluid from the supply
tubing and well fluid from the well and so that
it may discharge well fluid into the production
tubing as production fluid. ’ )

In installing such g free pump in the well, it
is moved downwardly through the supply tubing
into ils operating position at the lower end there-
of either by the action of gravity or by the ap-
plication of fluid pressure to the upper end of the
pump. After the pump has been installed in its
operating position, operating fluid, which is usu-
ally clean crude oil, is delivered to the motor
section -of the pump under relatively high pres-
sure through the supply tubing. = As 'is well
known in the art, such operating fluid is alter-
nately directed by a suitable valve mechanism in
the motor section of the pump. to opposite ends
of a motor piston which is coupled -to a-pump pis-
ton in the pump section of the device, fluid from
the well being admitted to the pump section by
a suitable valve mechanism therein. Such al-
ternating application of operating fluid pressure
to the ends of the motor piston produces recipro-
cation of the motor and pump pistons with the
result that the punp piston pumps fluid produced
by the well into the production tubing, the latter
conveying the production -fluid upwardly therein
to the surface. . When removal.of the pump from
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the well is desired for any reason, as for service
or repair, fluid pressure.is applied to the lower
end of the pump to move it upwardly out of its
operating position and through the supply tubing
to the surface. This is accomplished by con-
ventionally reversing the flow through the sys-
tem so that operating fluid flows downwardly in
the production tubing to the lower end of the
pump and acts on the pump to move it upwardly
through the supply tubing to the surface.

In a conventional free-pump system of the
foregoing character, the spent operating fluid
discharged by the motor section of the pump is
delivered to the production tubing so that the
spent operating fluid and the production fluid
are intermixed and conveyed upwardly together
through the production tubing. Since the oper-
ating fluid delivered to the pump through the
supply tubing must be clean, in order to prevent
abrasijon and corrosion of the moving parts of the
pbump, fresh operating fluid must be supplied to
the system continuously. The continuous pro-
vision of such fresh operating fluid requires con-
siderable surface equipment, normally in the form
of settling tanks or filters, which is expensive to
install and operate. Also, in the particular ar-
rangement hereinbefore mentioned wherein - the
pump is disposed in the supply tubing, the flow
reversal necessary to remove the pump from the
well may carry any sand or other foreign mat-
ter present in the production fluid into the sup-
ply tubing with the result that such foreign mat-
ter may enter the motor section of the pump
upon resumption of operation after reinstallation
with the attendant possibility of damage to the
pbump.

In view of the foregoing, it is a primary ob-
Ject of this invention to provide a closed system
for the fluid-operated, free pump which includes
a third tubing separate from the supply and pro-
duction tubings for returning the spent operating
fluid to the surface independently of the well
fluid, the tubing for returning the spent operat-
Ing fluid being referred to hereinafter as the re-
turn tubing. With such 3 closed system, the
spent operating fluid is separately conveyed back

" to the surface for storage and re-use to actuate
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the fluid-operated pump- so that there is very
little loss of operating fluid from the system and,
consequently, the surface equipment necessary to
supply fresh operating fluid to the system needs
have only a relatively small capacity and ean be
relatively- cheap and economical, both as re-
gards initial cost and operating costs. . Also, the
reversed flow -necessary to move the pump up-
wardly to the surface during removal of the pump
may take place through the return tubing to
avoid carrying said and other foreign matier
into that portion of the system reserved for the
operating fluid, which is an important feature.
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As will be pointed out in more detail ‘hereinafter,
further objects of the invention reside in cerfain
rmodifications of the pump and in the tubing ar-

rangements employed to provide such a closed

system. :
Considering the invention more specifically, an
object thereof is to provide a closed system for
a fluid-operated, free pump comprising supply,
return and production tubings which are set in
the well and one of which: is adapted to receive
the pump and to provide an operating position
for the pump at its lower end, the supply, re-
turn and production tubings respectively being

10

adapted to convey operating fluid for actuating -

the pump downwardly into the well to the pump,
spent operating fluid-discharged by the pump up-
wardly in the well from the pump to the surface
and production fluid discharged by the pump up-
+wardly-in the well from the-pump to the surface.
An important object of the invention is to pro-
vide o closed system ‘wherein ‘the supply, return
ahd production tubings are set in the weli with
one ‘of the tubings -disposed -Wwithin another. A
further ohject in this conmection is to provide a
closed system wherein-one of ‘the tubings is dis-
posed within a-second and wherein the third tub-
ing is disposed beside the second. ,
Another object is to provide such a closed sys-
tem wherein the three tubings are interconnected
at their lower ends in fluid communication with

each other and with the ‘well so that the pump

may, when in its operating position, receive oper-
ating fluid for its actuation from the supply tub-
ing through anintake, discharge spent operating
fluid ‘into the return tubing through an exhaust,
receive ‘well ‘fluid from the well through an inlet
and discharge well fluid into the production tub-
ing through an outlet.
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Angther object is to provide -a closed system -

having ‘means whereby a downward flow of fluid
through -one of ‘the tubings, other than the tubing
in which the pump is -disposed, may be applied
‘to thelowet end of the pump to move it upwardly
‘out of its operatirig position and through the
tubing in-which it is disposed to the surface when-
ever removal of the pump from the well is de-
sired. '
Ariother ‘object is to provide a closed system
which includes a tubular pump receiver disposed
4t the Jower ‘end of ‘and in alignment with the
tubing through which the pump is movable, the
pump recéiver being, in effect, an extension of
suchtubing and providing the aforementioned op-
erdfing position for the pump. A related object
is to provide a pump receiver having a seat at its
lower ‘end for the pump, the pump being seated
on such seat ‘when it is in its operating position.
Another object is to provide a pump receiver
having passages which place the interior ‘thereof
in fluid jeommunication with the supply, return
and production tubings and with the well in such
a manner as to provide fluid communication be-
tween ‘the intake, the exhaust, the inlet and ‘the
outlet of the pump and the supply tubing, the re-
turn tubing, the well and the production tubing,
respectively, when the pump is disposed in the
pump receiver and seated on the pump seat.
Anocther object is to provide sealing means for
normally preventing direct flow between the tub-
ings and the well by way of the pump receiver
when the pump is in its operating position so that
operating fluid may flow ‘only from the supply
tubing through the motor section of the pump to
the return tubing and-so'that well fluid may flow

only from ‘the ‘well through the pump section ‘of T
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the pump to the production tubing. More specif-
ically, an object in this connection is to provide

‘2 sealing means which, when the pump is in its
“operating position, places the supply tubing in
. fluid communication with only the intake of the

pump, the return ‘tubing in fluid communication
with only the exhaust of the pump, the well in
flnid communication with only the inlet of the
pump snd the production tubing in fluid com-
munication with only the cutlet of the pump.

Another object is to provide a system wherein
the aforementioned sealing means comprises an-
nular sealing elements which are carried by the
pump -adjacent various of the ports, such as the
intake, exhaust, etc., therein and which are en-
gageable with the inper wall of-the pump receiver
to prevent -direct flow -between the tubings.

Another -object is to provide passage means
communicating at ene end with one of the tub-
ings, other than-the tubing aligned with the pump
receiver, and at its other end with a ‘chamber in
{he pump receiver between the pump seat -and
the pump for applyinga downward flow of fluid
through such tubing to-the lower end of the pump
to move it upwardly out-of the pump receiver and
to the surface. -

_Another object is to-provide a-sealing device for
normally preventing fluid flow between two of the
tubings by way of the aforementioned passage
mesans and the pump receiver when the pump is
in its operating position. Anocther object in this
connection is to provide a system wherein the
aforementioned sealing device is an annular seal-
ing element adapted to be disposed between the
pump and the pump receiver.

Another object is to provide a system ‘wherein
the tubing with which the-aforementioned passage
means communicates is the return tubing so that
the pump may be moved upwardly to the surface
by a downward flow of clean fluid through the
veturn tubing to prevent introducing sand and
other abrasive matter into the pump receiver.

still another ‘object is to provide a closed sys-
tem wherein the pump is movable into its ‘cper-
ating position in the pump receiver through the
supply tubing and wherein the pump is movable
upwardly to the surface by a downward flow -of
clean fluid through the return tubing so as to
avoid carrying any of the sand or other abrasive
material which may be in the fluid in ‘the pro-
duction tubing into the pump receiver during the
pump-removal operation. S

Another object is to provide a closed system in
which damage from any corrosive substaxces in

5 the production fluid is minimized by permitting

the production fluid to come in contact with only
the production tubing. This is accomplished by
locating the supply and return tubings without
the production tubing, whichis an important fea-
ture.

Another object is to minimize the power Te-
quired to overcome friction between the produc-
tion fluid moving upwardly through the ‘produc-
tion tubing and the wall of the:production tubing
by employing a production tubing ‘having-a large
internal diameter. This feature is particularly
important under well conditions such thata pump
‘having ‘a motor section of ‘small capacity and a
pump section of large capacity may be employed.
Another object -is to maximize the ‘external
diameter of the pump by making the tubing for
receiving the pump of large internal diameter.
This permits the .employment of a pump having
motor and/or pump. ‘sections’ of maximum
‘capacity, which is:an important feature. " = ’
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Another object is to facilitate paraffin control
in such a closed system by limiting contact of
the production fluid to the production tubing, i. e.,
by. disposing the supply and return tubings with-
out the production tubing. .

The foregoing objects and advantages of the
present invention, together with other objects
and advantages thereof which will become ap-
parent, may be attained through the employment
of .the exemplary embodiments of the invention

which are illustrated in the accompanying draw--

ings and which are deseribed in detail herein-
after. Referring to the drawings:

Fig. 1 is a utility view of a closed, fluid-operated,
free-pump system which embodies the invention;

-Fig. 2 is an enlarged, horizontal sectional view
taken along the broken line 2—2 of Fig. 1;

Pig. 3 is an enlarged, vertical sectional view
taken along the broken line 3—3 of Fig. 2.

Fig. 4 is a downward continuation of Fig. 3:

Fig. 5 is a utility view of another embodiment
of the invention;

Fig. 6 is an enlarged, horizontal sectional view
taken along the broken line 6—8 of Fig. 5;

Fig. 7 is an enlarged, vertical sectional view
taken along the broken line 7—1 of Fig. 6; and,
Fig. 8 is a downward continuation of Fig. 7.

Considering first the embodiment illustrated in
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Figs. 1 to 4 of the drawings and referring partic- -

ularly to Fig. 1 thereof, the numeral 15 designates
4 well casing which is set in an oil well with its
lower end open to an cil producing formation ad-
jacent the well as is well known in the art, the
casing being provided with a casing head 16 at its
upper end. Set in the well within the casing 15
and connected to the casing head (8§ is a closed
tubing system of the invention which comprises
supply, return and production tubings respective-
ly designated by the numerals 17, {8 and {9. The
tubings 17, i8 and {9 are interconnected at their
lower ends in fluid communication with each
other and with the well by a tubular pump re-
ceiver 20 which is aligned with and which, in ef-
fect, forms a downward extension of one of the
tubings. In the particular embodiment presently
under consideration, the pump receiver 20 is
aligned with the supply tubing 117, the supply tub-
ing being concentrically disposed within and
spaced from the return tubing {8 and the pro-
duction tubing {9 being disposed beside the re-
turn tubing. The pump receiver 20 provides an
operating position for a free fluid-operated pump
‘2f which is movable downwardly through the
supply tubing {7 into its operating position in the
pump receiver, the internal diameter of the pump
receiver being substantially equal to that of the
supply tubing. As will be discussed in more de-
tail hereinafter, the supply tubing 7 is adapted
to convey operating fluid, such as clean crude oil,
under pressure downwardly in the well from the
surface to the pump 21 to actuate the pump, and
the return tubing 18 is adapted to receive spent
operating fluid discharged by the pump and to
convey the spent operating fluid upwardly around
the supply tubing T to the surface. The pump
‘21 is adapted to receive well fluid from the well
and to discharge it into the production tubing
18 as production fluid, the production tubing
conveying the production fluid upwardly in the
well to the surface, . :
In the particular construction illustrated, the
lower ends of the tubings i7, {8 and 19 and
the .pump receiver 20 are enclosed by a gas
anchor 22 having a pérforated barrel 23 which

is ‘closed at its. upper and lower ends by heads
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24 and 25, respectively, the upper head .having

‘suitable openings therethrough for the tubings.

The gas anchor 22 is secured to the pump receiv-
er 20 by a bolt 26 connecting the lower head 25
to the pump receiver.

The supply, refurn and production tubings 11,
18 and 19 are connected at their upper ends to
& pump head 29 having valve means (not shown):
therein which is operable from the surface by
a handle 80 to direct flows of fluid through the

tubing in the proper manner as will be dis-

cussed in more detail hereinafter. Also connects
ed to the pump head 29 are supply, return and
production lines 31, 32 and 33 which, during
operation of the pump 21, are adapted to be con-
nected in fluid communication with the supply,
return and production tubings 17, 18 and 19, re-
spectively, by the valve means in the pump head.
The supply line 31 leads to a suitable source
(not shown) of operating fluid under pressure,
which source may be a conventional triplex
pump having its intake connected to o suitable
reservoir. The return line §2 leads to the reser-
voir and the production line 33 leads to a suit-
able point of disposal or storage for the produc-
tion fluid. As disclosed in my aforementioned
Patent No. 2,338,903, the pump head 29 may also
include a suitable pump catcher (not shown)
for the pump 2{, the.latter having at its upper
end a tapered head 35 which is receivable by
the pump catcher during removal of.the pur¥p
from the well. .
Referring now to Figs. 3 and 4 of the drawings,
the pump receiver 20 is, as previously indicated,
aligned with the lower end of the supply tubing
{7; the pump receiver having at its upper end
inner and outer sleeves 38 and 29 which are
concentrically arranged in spaced relationship
and which register with the supply and return
tubings 171 and 18, respectively. Disposed below
and registering with the inner and outer sleeves
38 and 39 are inner and outer sleeves 40 and 4,
respectively, the sleeves 40 and 4{ being arranged
concentrically in spaced relationship. Disposed
below and registering with the sleeves 40 and
41, respectively, are inner and outer sleeves 42
and 43 which are concentrically arranged and
spaced apart. The lower ends of the supply and
return tubings (7 and 18 and the ends of the
pairs of sleeves 38 and 28, 48 and 41, and 42 and
22 are beveled in such a manner as to form
conical surfaces. The conical surface at . the
lower ends of the supply and return tubings {7
and I8 and the conical surface at the upper end
of the pair of sleeves 38 and 38 are seated against
opposite sides of a spacer 45 having two comple-
mentary cenical surfaces. Another spacer 45
is disposed between the pair of sleeves 3§ and
35 and the pair of sleeves 40 and 4f and still
another spacer 45 is disposed between the pair
of sleeves 40 and 4{ and the pair of slesves 42
and 43. The conical surface at the lower end
of the pair of sleeves 42 and 43 is seated againss
a complementary conical surface &8 formed at
the junction of a major bore 471 and a countei-
bore 48 in a fitting 49 forming part of the pump
receiver 20, the lower end of the outer sleeve 43
being threaded into the counterbore 48. The
outer sleeve 39 and the return tubing {8 are
threadedly connected by a coupling 58 and. the

‘outer sleeve 39 and the outer sleeve 41 are

threadedly connected by another such coupling.
5till another coupling 58 threadedly connects the
outer sleeve 41 to the outer sleeve 43. : .

" It will be apparent, that, with. the foregoing
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construction, the inner sleeves 38, 40 and 42 are
clamped between the supply tubing {7 and the
fitting 49, the conical surfaces on the spacers
45 and the conical surface 45 of the fitting 49
serving to center the various inner sleeves within
the corresponding outer sleeves 39, 41 and 43.
In order to insure maintaining the proper spac-
inz between the various inner and outer sleeves,
spacers 52 are disposed therebetween, the spacers
52 heing provided with passages therethrough.
The spacers 45 are provided with passages there-
through which communicate with the various
annular spaces between the pairs of sleeves 88
and 39, 40 and 41, and 42 and 43, such passages
and annular spaces being collectively regarded
hereinafter as a return passage Bf. -As wiil be
apparent, the return passage 5 communicates
at its upper end with the interior of the return
tubing {8 so that spent operating fluid may flow
upwardly through the return passage and enter
the annular space between the supply and re-
turn tubings. ’

Referring particularly to Fig. 4 of the drawings,
threaded into the lower end of the major bore 47
in the fitting 48 is an inlet sleeve 34 which com-
municates ai its Jower end with the well through
the perforated gas anchor barrel 23. The fitting
49 is provided with & minor bore 88 which is
spaced from the major bore 47 therein and into
the upper end of which is threaded the lower
efd of the production tubing 18. The lower end
of the minor bore 55 communicates with the
major bore 47 through & lateral passage 5§ to pro-
vide fluid communication between the production
tubing 13 and the interior of the pump receiver
20. Thus, with the foregoing construction, the
pump receiver interconnects the lower ends of
the supply, return and production tubings 17, I3
and 19 in fluid communication with each cther
and with the well.

The fitting 49 of the pump receiver 29 is pro-
vided with a passage means §8 for applying a
downward flow of fluid through the return tub-
ing 18 to the lower end of the pump 2! to move
the pump upwardly out of the pump receiver 20
and through the supply tubing {7 to the surface
when temoval of the pump is desired for any
reason, this passage means comprising one or
more longitudinal passages 59 formed in the fit-
ting 49. The passage 59 communicates ab its
upper end with the lower end of the return pas-
sage 51 and communicates at its lower end with
an annular chamber 60 af the lower end of the
pump 21. -

The minor bore §5 in the fitting 49 contains
a standing valve 83 which is adapted to Prevent
downward flow of fluid from the production tub-
ing 19 into the interior of the pump receiver but
which is adapted to permit upward fiow of pro-
duction fuid discharged Ly the pump 21 info the
production tubing. The valve 63 is provided
with spring fingers 84 which engage shoulders 83
in the minor bore §3 to hold the valve i its op-
erating position, and includes an inside spear

fitting -66 which is adapted to be engaged by a -

suitable tool lowered into the well through the
production tubing 18 when removal of the valve
is desired, as is well known in the art. ’
Disposed in the lower end of the major bore &7.
_in the fitting 43 and extending downwardly into
the inlet sleeve 56 is an inlet fitting 72 which
serves as a seat for the pump 2§, the laiter being
{in its operating position when it is disposed in the
pump receiver 20 and seated ‘on the pump seat

-provided by -the -inlet RAtting: - The pump 21 is*®
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adapted to seat on the inlet fitting 12 automati-
cally when it is moved downwardly through the
supply tubing 171 into the pump receiver 20 so
that it automatically assumes its operating posi-
tion. The inlet fitting 72 also serves o convey
Auid from the well to an inlet of the pump 21
when the pump is in its operating position, the
inlet fitting preferably being provided with a
check valve (not shown) therein which permits
upward flow of well fluid into the interior of the

‘pump receiver 20, but which prevents downward

flow of fluid oubt of the pump receiver into the
well. The-inlet fitting 72 is seated on an annular
insert 73 which is disposed in the major bore 41
and which is seated on a shoulder 14 therein.
Hxcept for certain modifications required to
adapt it to the closed tubing system of the in-
vention, the fluid-operated, free pump 21 may
be of conventional desizn and will not be de-
seribed in detail. In general, the pump 21 in-
cludes a motor section and a pump section dis-
posed below the motor section, the motor and
pump sections respectively including coupled
motor and pump Dpistons (mot shown). The
motor section of the pump 21 is actuable by op-
erating fluid under pressure delivered thereto
by the supply tubing i1, the operating fluid un-
der pressure being adapted to enter the motor

- gection of the pump through ports which serve
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‘ber, or other suitable material.

as an intake 18 for the pump and which are in
fluid communication with the supply tubing when
the pump is in its operating position. The ports
of the intake 78 are formed in an intake fitting 79
which carries the aforementioned tapered head
35 and which is connected to the upper end of a
tubular rod 80 extending upwardly from the
motor section of the pump 21, the rod being
adapted to convey operating fluid under pressure
from the intake to the motor section of the
pump.

After the operating fiuid admitied to the mator
section of the pump 21 through the intake 78 has
sctuated the pump, it is discharged from the
motor section through ports forming an exhaust
81 of the pump. When the pump 2i is in its
operating position, the exhaust 81 communicates
with an snnular space §2 between the pump and
the intermediate inner sleeve 48, the annular
space 82 communicating with the return passage
5{ through lateral ports 83 in the intermediate
inner sleeve. Thus, the operating fluld under
pressure in the supply tubing 7 flows through

‘the motor section of the pump 2{ to actuate it

and is discharged into the return tubing {8 as
spent operating fluid by way of the exhaust 81,
the annular space 82, the ports 83 and the return
passage 51. )

In order to prevent direct flow of operating
fluid between the supply and return tubings 11
and 8 by way of the pump receiver 20, I pro-
vide sealing means comprising an anntlar seal-
ing element 8% which is carried by the pump 21
intermediate the intake 78 and the exhaust 81
and which is adapted to engage the intermediate
inner sleeve 49 above the ports 83 therein when
the pump is in its operating position. The an~
nular sealing element -86 is preferably of the
O-ring type and is formed of oil resistant rub-
The pump 21
carries another, similar gnnular sealing element
87 helow the exhaust 84, this sealing element
being adapted to engage the intermediate inner
sleeve 48 below the ports 83 therein when the
pump is in its operating- position. . Thus, the

annular sealing elements 86 and 87 isolate the
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intake 18 and the exhaust 8/ when the pump
21 is in its operating position so that the intake
may communicate only with the supply tubing
{T and so. that the exhaust may communicate
only with the return tubing.

As previously indicated, the pump section of

the pump 21 is provided with an inlet at its lower
end through which well fluid is adapted to enter
the pump section by way of the inlet fitting 72,
the inlet of the pump not being shown specifi-
cally. The pump section of the pump is also pro-
vided with ports forming an outlet 88 for pro-
duction fluid discharged by the pump section,
the outlet communicating with an annular space
89 around the pump. The annular space 89 com-
municates with the lateral passage 56 connect-
ing the interior of the pump receiver 20 with
the minor bore 55 in the fitting 49 so that pro-
duction fluid discharged through the outlet 88
may enter the production tubing 189. )

It will be noted that the annular sealing ele-
ment 87 is disposed between the exhaust 81 and
the outlet 88 so that it prevents flow between
the return and production tubings 18 and 18

when the pump is in its operating position. Also,
* since the pump 21 is seated on the inlet fitting

72 when in its operating position, the pump seat
provided by the inlet fitting serves to prevent
direct flow between the well and tubings 17, 18
and 19. Flow between the return and produc-
tion tubings (8 and 19 by way of the passage
means 58 is prevented by an annular sealing ele-
ment 90 which is adapted to engage a liner 91
in the major bore 47 in the fitting 49 below the

lateral passage 56 therein when the pump is in o-

its operating position. Thus, the annular sealing
element 90 also serves to isolate the production
tubing 19 from the return tubing {8 when the
pump is in its operating position. .
Considering the operation of the embodiment
of the invention hereinbefore described, it will
be assumed that the pump 21 is in operation to
pump fluid from the well upwardly through the
production tubing 9 to the surface. Under such
conditions, the pump 21 is in its operating posi-
tion in the pump receiver 20 wherein it is seated
on the inlet fitting 72, and the aforementioned
valve means in the pump head 29 respectively
connects the supply, return and production tub-
ings 11, 1B and 19 to the supply, return and pro-
duction lines 31, 32 and 33. Thus, operating
fluid under pressure is conveyed downwardly to
the pump 21 through the supply tubing (7 and
enters the motor section of the pump through
the intake 78 to actuate the pump, spent oper-
ating fluid being discharged into the return tub-
ing 18 through the exhaust 81 and being con-
veyed upwardly in the well to the surface by
the returh tubing. The well fluid entering the
pump section of the pump 21 through its inlet
is discharged into the production tubing 19
through the outlet 88 and is conveyed upwardly
in the well to the surface as production fluid.
It will be apparent that, with this construc-
tion, the spent operating fluid is returned to the
surface separately from the production fluid so
that it may be re-used to actuate the pump 2§,
which is a primary feature of the invention. .
In the event that removal of the pump 2§
irom the well is necessary in order to service or
repair the pump, or for any other reason, the
operator sets the handle 30 controlling the valve
means in the pump head 29 in a position such
that the valve means connects the supply line
31 to the return tubing I8 so that the operating
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fluid under pressure now flows downwardly into
the well through the return tubing. Preferably,
the valve means also connects the supply tubing
1T to the return line 32 under such conditions,
and prevents fluid communication between the
production tubing 19 and the production line 23:
Alternatively, fluid flow through the production
tubing 19 and the production line 33 may be
prevented by closing a valve 24 in the produc-
tion line 33. .

Under the conditions outlined® in the preced-
ing paragraph, operating fluid under pressure
flows downwardly through the return tubing i8
and into the annular chamber 60 at the lower
end of the pump 2{ by way of the return passage
31 and the passage means 58. The pressure of
the operating fluid entering the annular chamber
69 in the foregoing manner is applied to an annu-
lar area 95 at the lower end of the pump 2
S0 as to unseat the pump from the inlet fitting
72 and is then applied to the entire area of the
bump s0 as to move it upwardly in the pump re-
ceiver 28, upward flow of the operating fluid
applied to the lower end of the pump in this man-
ner past the pump being prevented by the an-
nular sealing elements 86, 87 and 90. After the
pump 21 has moved upwardly in the pump re-
ceiver 20 a distance such that the annular seal-

- ing elements 86 and 87 disengage the intermedi-
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ate inner sleeve 40 and the annular sealing ele-
ment 89 disengages the liner 91, upward flow of
operating fluld past the pump is prevented by
packing devices 96 and 87 which are carried by
the rod 60 and which are adapted to engage the
inner wall of the supply tubing I7T in a substan-
tially fluid-tight manner, the portions of the
‘pump 21 which carry the annular sealing ele-
ments §8, 87 and 90 preferably being of smaller
diameter than the internal diameter of the sup-
ply tubing so as to prevent damage to these seal-
ing elements during movement of the pump
through the supply tubing. After the pump has
cleared the ports 83 in the intermediate inner
sleeve 48, the downward flow of operating fluid
through the return tubing I8 is applied to the
lower end of the pump directly through such
ports. :

During the foregoing pump-removal operation, .
flow of the operating fluid employed to remove
the pump out of the pump receiver into the well
is prevented by the check valve in the inlet fit-
ting T2 and flow thereof into the production tub-
ing 18 is prevented because flow through the pro-
duction tubing is prevented by closing the afore-
mentioned valve 94, or by means of the valve
Jmeans in. the pump head 29. It will be noted
‘that, since the standing valve 63 prevents down-
‘ward flow of the production fluid out of the pro-
duction tubing 18 and into the pump receiver,
none of the production fluid can enter the pump
receiver during the pump-removal operation,
which is an important feature since it prevents
sand and other foreign matter which may be in
the production fluid from entering the pump re-
ceiver. Thus, any possibility of such foreign mat-
fer entering the motor section of the pump 21
upon reinstallation thereof is prevented, which
eliminates possible damage to the motor section
from this source. :

It will be noted that, under the ¢onditions here-
inbefore outlined, the operating fluid in the sup-
ply tubing 17 above the pump 21 is returned to
the reservoir through the return line 32 during
the pump-removal operation so that substantially
none of it is lost from the system,; which is an
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important feature. As will be understood, when
the pump 21 reaches the surface, ‘it is caught by
the aforementioned -pump catcher in the pump
head 29 and may subsequently be removed
through the pump head.

“When reinstallation of the pump 21, or instal-
lation -of a replacement pump 21, is desired, the
pump to be installed is inserted into the upper
end of the supply ‘tubing (71 through the pump
head 29. The operator then sets the handle 30
controlling the valve means in the pump head
99 in a position such that the supply tubing 17
is placed in fluid communication with the supply
line 31 -and the return tubing 18 is placed in
communication with the return line 32. Thus,
~ the operating fluid under pressure entering the
system through the supply line 2{ acts on the
upper end of the pump 21 'to move it downwardly
through the supply tubing {7-and into its operat~
ing ‘position in the pump receiver 20 wherein it
4s -seated on the inlet fitting 72, the operating
finid previously introduced below the pump.dur-
ing the pump-removal operation bzing displaced
upwardly through the return tubing {8 and into
the return line 32 leading to the reservoir on the
surface. During the operation of installing ‘the
pump, the valve 94, or the valve means in ‘the
pump head 29, preferably prevents flow through
the production tubing 18 and the production line
43 so that all of the fluid employed during the
pump-removal operation is returned to the reser-
“yoir -during the reinstallation of the -pump.
However, it will be understood that if the op-
erating fluid in the -supply tubing has become
contaminated prior to reinstalldtion of the pump
2| for any reason, returning such contaminated
operating fluid to the reservoir may be -avoided
by preventing fluid flow through the return tub-
ing (8-and by permitting fluid flow through the
productiontubing 19, '

As will be apparent, one advantage of the em-
bodiment hereinbefore -discassed is that it is
‘possible to remove and reinstall the pump 21
with substantially no loss of operating fluid
from the -system, the production tubing 19 be-
ing ‘isolated from that portion of the system re-
served for the operating fluid during both the
pump-removal operation and the pump-installa-
tion operation.

It will be noted also that since the production
fluid comes in contact with only the interior of
the production tubing 19, because of the fact
that the supply and return tubings {1 and 18
are Jlocated without the production tubing,
paraffin control is simplified and damage to the
system by the action of any -corrosive substances
which may be present in the production fluid is
minimized, such corrosion damage being re-
stricted to the production tubing.

Turning now to the embodiment of the inven-
tion which is illustrated in Figs. 5 to 8 of the
drawings. and referring particularly to Fig. 5
thereof, the numeral 115 designates a well casing
which is set in an oil well and which is open at
its lower end to an oil producing_zone of the well
as is well known in the art, the casing being pro-
vided with a casing head (16 at its upper end.
Set in the well within the casing 115 and con-
nected to the casing head 116 is a closed tubing
system which comprises supply, return and pro-
duction tubings respectively designated by the
numerals 117, {18 and 119. 'The supply tubing
{17 is disposed concentrically within and spaced
from the production tubing 119 and the return
tubing 118 is set beside the production tubing.
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“The tubings 17, 118 and 119 are interconnected
@it ‘their lower -ends in fiuid communication with
.eaéh other.and with the well by a tubular pump
veceiver 120 which is aligned with and which,
in effect, forms a downward extension of the
supply -tubing 117. The pump receiver 12§ pro-
vides -an ‘operating position for a fluid-operated,
free pump 2! which is movable downwaraly
through the supply tubing 11T into its operating
-position ‘in ‘the -pump receiver, the internal di-
-ameter -of the pump receiver being substantial-
ly -equal to that.of the supply tubing. As in the
:previously-discussed embodiment, the supply tub-
ing - 17 s adapted to convey operating fluid
-under -pressure downwardly in the well to the
pump 121 to actuate the pump, and the re-
furn tubing 118 is -adapted to convey spent op-
erating fluid -discharged by the pump upwardly
in the well. - The pump {2i is adapted to receive
well fluid from the well and to discharge it into
the production tubing {48 as production fluid,
the production tubing then conveying the produc-~
“tion fluid-upwardly to the surface.

As ‘in the previously described embediment,
the lower ends 'of the tubings ({7-to {19 and the
pump -receiver 120 may be enclosed by a gas '
anchor 122 ‘having a perforated barrel 23 which
is ¢losed at ‘its upper and lower ends by heads
24 and 125, respectively, the upper head having
suitable openings therethrough for the tubings.
“The .gas ‘anchor 122 'is secured to the pump re-
-ceiver 120 by :a 'bolt 126.

The supply, return and preduction tubings { i1,
118 -and 119 :are connected at their upper ends
to-a pump head 129 which is similar to the pump
head 29, the pump head {28 having valve means
(not shown) therein which is operable by ‘a
‘handle 130 to -direct flows of fluid through the
tubings in the proper manner. Supply, return
-and production lines 131, {32 and {33 are also
connected to the pump head 129 and are adapted
to ‘be connected in fluid communication with the
supply, return and production tubings (i1, 118
and 119, respectively, by the valve means in the
pump head during operation of the pump §2{.
As in the preceding embodiment, the supply line
131 leads to a suitable source of operating fluid
under pressure, the return line 132 leads to a
reservoir for the source and the production line
133 leads to a suitable point of disposal for the
production fluid.

Referring now to Figs. 7 and 8 of the drawings,
the pump receiver {28 is aligned with the lower
end of the supply tubing $i7 and is connected
‘to-the ‘lower ends of the supply and production
tubings (1T and {19, the pump receiver having
at-its upper -end a sleeve {48 which is threadsd
onto the lower end of the supply tubing. The
lower end of the sleeve 140 is tapered and is
seated on a tapered seat 140e in the upper end
of a major bore {41 in an upper fitting {42 which
forms part of the pump receiver 128, the lower
end of the production tubing being threaded
onto a cylindrieal projection 143 on the upper
fitting. Threaded into the lower end of the major
bore 141 is a sleeve (44, the lower end of this
sleeve being threaded into the upper end of a
major bore 145 in a lower fitting {48 which also
forms part of the pump receiver. Encireling and
spaced from the sleeve 44 is another sleeve
147 'which is telescoped over a cylindrical projec-
tion 148 at the lower end of the upper fitting
142 and over a cylindrical projection 148 at the
-upper end of the lower fitting 146, the sleeve 147
carrying sealing rings 150 which engage the
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projections 148 and 149 in a fluid-ticht manner.
This construction permits sliding movement of
the outer sleeve {471 relative to the upper and
‘lower fittings 142 and 146 as the inner sleeve 144
is threaded into such fittings during assembly.
Threaded into the lower end of the major bore
{45 in the lower fitting 148 is an inlet sleeve 154
which communicates at its lower end with the
well through the perforated gas anchor barrel
123.

The upper fitting 142 of the pump receiver I20
is provided with a minor bore 154 which is spaced
laterally from the major bore (41 therein, the
lower end of the return tubing { {8 being threaded
into the upper end of this minor hore. ‘The minor
‘bore 154 communicates with the interior of the
tubular pump receiver 120 through a lateral pas-
The upper fit-
ting 142 is also provided with one or, more longi-

tudinal passages 156 therethrough ‘which com- 2

municate at their upper ends with the interior

of the production tubing {19, i. e., which com-

municate at their upper e”lds with the annular
space between supply and producticn tubings, and

‘which communicate at their lower ends with an i9;

annular space (57 between the sleeves {44 and
147, this annular space being sealed at its ends
by the aforementioned sealing rings 159. Pro-

‘duction fluid discharged by the pump .12 enters

the annular space 157 in a manner to be dis-
cussed hereinafter and flows upwardly through
the longitudinal passages 156 into the produc-
tion tubing 119. It will be apparent that, with
the foregoing construction, the pump receiver

120 interconnects the supnly, return and produc- -

tion tubings (11, 118 and 119 in fluid communica-
tion with each other and with the well,

The embodiment under consideration is pro-
vided with a passage means 158 for applying a
downward flow of fluid through the return tubing
{18 to the lower end of the pump (2! to. un-
seat the pump and move it upwardly out of the
pump receiver 120 when removal of .the pump
is desired for any reason, the passage means 158
including a tube 159 which is threaded at its up-~
per end into the lower end of the bore {58 com-
municating with the minor bore 154 in the upper
fitting 142, “The lower end of the tube (59 is
threaded into the upper end of a bore {681 ad-
jacent the major bore 145 in the lower fitting 146,
the bore 161 communicating with an annular
chamber 162 within the pump receiver 129 at the
lower end of the pump {2{ through lateral pas-
sages 163, an annular groove 164 and a lateral
passage 165. In practice, instead of forming the
bore 161 directly in the fitting {46, I prefer to
form this bore, the lateral passages 163 and the
groove 164 in an insert 165 which is disposed in
a bore 167 formed in the lower fitting proper,
the tube 159 being threadedly connected to this
insert and the insert carrying sealing rings 168
above and below the annular groove 164. 'This
construction facilitates assembly of the upper
and lower fittings 142 and {485, the inner and
outer sleeves 144 and 147 and the tube 159 since
the insert 166 may slide in the bore 187 as the
inner sleeve 144 is threaded into the upper and
lower fittings. .

Disposed in the lower end of the maJm bore

145 in the lower fitting 145 and extending down-

wardly into the inlet sleeve 151 is an inlet fitting
172 for the pump 121, the latter having an inlet
which is adapted to receive well fluid from: the
well through the inlet fitting when: the pumpis in

its operating position. Asis well known in:the :%
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art, the inlet fitting 172 is provided with a check
valve (not shown) therein which permits upward
flow of well fluid, but which prevents downward
flow of fluid out of the pump receiver 120 into
the well. The inlet fitting 172 is seated on an
annular insert 173 which is disposed in the major
bore {45 in the lower fitting (46 and which is
seated on a shoulder {14 therein.

As in the previously described embodiment, the
inlet fitting {72 also serves as a seat for the pump
121, the latter being in its operating position when
it is disposed in the pump receiver 120 and seated
on’'the pump seat provided by the inlet fitting.
The pump 121 is adapted to seat on the inlet fit-
ting {72 automatically when it is moved down-
wardly through the supply tubing (iT into the
pump receiver 120 so that it automatically as-
sumes its operating position.

The pump 121 is substantially identical to the
pump 2% and includes a motor section which is °
actuable by operating fiuid under pressure de-
livered thereto through the supply tubing 1117, the
operating fluid under pressure being adapted to
enter the motor section of the pump through an
intake {78 which comprises ports formed in a fit-
ting 179 carried by a tubular rod 180 which ex~
tends upwardly from the motor section of the
pump. The rod 189 is adapted to deliver the op-
erating fluid under pressure entermg the intake
{78 to the motor section of the pump (21. After
the operating fluid admitted to the motor sec-
tion of the pumyp (2} in this manner has actu-
atéd ‘the pump, it is discharged from the motor
section through ports forming an exhaust 81

5 of the pump. The exhaust i8{ communicates

with an annular space 182 between the pump and
the upper fitting 142 of the pump receiver 120
when the pump is in its operating position, the
annular space (82 communicating with the re-
turn tubing 118 through the lateral passage 155
and the minor bore 164 in the upper fitting. Thus,
the operating fluid under pressure in the supply
tubing i1 flows through the motor section in
the pump (2! to actuate the pump and is dis-
charged into the return tubmg 118 as spent op-
erating fluid.

The embodiment under consideration includes
sealirig means for preventing direct flow between
the supply, return and production tubings. 11,
118 'and 119 when the pump i2{ is in its opera-
ting position, such sealing means comprising -an-
nular sealing elements 186 and 187 which are
carried by the pump respectively above and be-
low the exhaust (8! and which are adapted to
engage the upper fitting 142 respectively above
and below the lateral passage 155 when the pump
is in its operating position. This arrangement
places the annular sealing element 186 between
the intake 178 and the exhaust 181. Thus, the
annular sealing elements 186 and 187 isolate the
intake 178 and the exhaust 18i when the. pump
121 is in its operating position so that.the intake
may communicate only with the supply tubing
117 and so that the exhaust may communicate

-only with the return tubing 118.

As previously mentioned, the pump section of
the pump 121 is provided with an inlet at its

ylower end through which well fluid is adapted to
renter the.pump section by way of the inlet fitting
112, the pump section inlet not being shown
‘specifically. 'The pump section is also provided
.with ports forming an outlet 188 for production
:fluid discharged by the pump section, the outlet
-communicating with an annular space 189 be-
‘tween the pump and the inner sléeve (i4. - The
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annular space {88 communicates with the annu-
lar space 157 between the inner and ouber sleeves
{44 and 147 through ports 180 so that produc-
tion fluid discharged by the pump section of the
pump 121 through the outlet 188 enters the pro-
duction tubing 119 by way of the annular space
139, the ports 180, the annular space 157 and the
longitudinal passage or passages §56.

Tn order to prevent the production fluid dis-
charged through the outlet 188 into the annular
space 189 from mixing with the spent operating
fluid in the annular.chamber (62 at the lower
end of the pump 121, the pump carries an an-
nular sealing element 194 which is disposed be-
low the outlet and which engages a liner 195 in
the major bore (45 in the lower fitting 146 when
the pump is in its operating position. Thus, the
annular sealing element 194 serves to isolate the
outlet 188 from the return tubing so that it
communicates only with the production tubing
when the pump is in its operating position. Al-
so, since the pump is seated on the inlet fitting
112 when it is in its operating position, the pump
seat provided by the inlet fitting serves to pre-
vent direct flow between the well and the return
tubing 118.

Considering the operation of the embodiment
-disclosed in Figs. 5 to 8 of the drawings, it will be
assumed that the pump {2{ is in operation to
pump fluid from the well upwardly through the
production tubing 119 to the surface. TUnder
such conditions, the pump is in its operating
position in the pump receiver {29 wherein it is
seated on the inlet fitting 172, and the afore-
mentioned valve means in the pump head 129 re-
spectively connects the supply, return and pro~
duction tubings 117, 118 and 119 to the supply,
return and production lines {31, 132 and 133,
Thus, operating fluid under pressure is carried
downwardly to the pump 12{ through the sup-
ply tubing ({71 and enters the motor section of
the pump through the intake 178 to actuate the
pump, the spent operating fluid being discharged
into the return tubing {18 through the exhaust
181 and being conveyed upwardly in the well to
the surface by the return tubing. The well fluid
entering the pump section of the pump {21
through its inlet is discharged into the produc~
tion tubing 119 through the outlet 188 and is
conveyed upwardly in the well separately from
the spent operating fluid.

Whenever removal of the pump 121 is desired,
the operator sets the handle 130 controlling the
valve means in the pump head 129 in a position
sueh that the valve means connects the supply
line 131 to the return tubing (i8 so that opera-
ting fluid under pressure flows downwardly in the
well through the return tubing. Preferably, the
valve means also connects the supply tubing 117
to the return line 132 so that operating fluid
above the pump 121 may be returned to the reser-
voir. In order to prevent flow of operating fluid
into the production tubing {19, flow through the
production tubing and the production line {33 is
preferably prevented, as by closing a valve 196 in
the production line, or by means of the valve
means in the pump 129.

Under the conditions outlined in the preceding '

paragraph, operating fluid under pressure flows
downwardly through the return tubing 118 and
into the annular chamber 162 at the lower end
of the pump §21° by way of the passage means
158 and acts on an annular area 197 at the
lower end of the pump so as to unseat the pump
from the inlét fitting 172 and then acts on the
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entire area of the pump so as to move it up-
wardly in the pump receiver 128, the various an-
nular sealing elements carried by the pump
preventing upward flow of the operating fluid
past the pump.” After the pump {21 has moved
upwardly in the pump receiver {28 a distance
such that annular sealing elements 185 and 187
disengage the wall of the major bore {41 and
such that the annular sealing element 124 dis-
engages the liner (85, upward flow of operating
fluid past the pump is prevented by packing de-
vices 158 and 188 carried by the rod {80. The
packing devices 188 and {88 are adapted to en-
gage the inner wall of the supply tubing §i1 in
a substantially fluid-tight manner, the portions
of the pump which carry the annular sealing
clements 185, 187 and 134 preferably being of
smaller diameter than the internal diameter of
the supply tubing =0 as to prevent damage to the
sealing elements during smevement of the pump
through the supply tubing.

Tt will be noted that after the pump 121 cleats
the lateral passage 155 in the upper fitting 142,
the downward flow of sperating fluid through the
return tubing 18 may enter the interior of the
pump receiver {28 through such lateral passage.
Continuing downward flow of operating fluid
under pressure through the return tubing 18
ultimately results in upward movement of the
pump {21 through the supply tubing 147 to the
surface so that it may be removed from the
supply tubing through the pump head {29, the
operating fluid in the supply tubing above the
pump being displaced into the refurn line 132
under the conditions specified. During the fore-
going pump-removal operation, fiow cf the op-
erating fluid employed to remcve the pump
downwardly into the well is prevented by the
check valve in the inlet fitting 72.

When reinstallation of the pump (2! is de-
sired, the pump may be inserted into the upper
end of the supply tubing {17 through the pump
head 129. The operator then sets the handle
{38 controlling the valve means in the pump head
in a position such that the supply tubing is
placed in fluid communication with the supply
line i13{ and the return tubing {48 is placed in
fAuid communication with the return line (32
Preferably, the production tubing 1{§ remains
closed, as by means of the valve {28 in the pro-
duction line 133, or by means of the valve means
in the pump head 12§8. Under such conditions,
the operating fluid under the pressure entering
the system through the supply line 134 acts on
the upper end of the pump 2! to move it down-
wardly through the supply tubing 11 and into
its operating position in the pump receiver 129
wherein it is seated on the inlet fitting {72. The
operating fluid previously introduced helow the
pump during the pump-removal operation may
be displaced upwardly through the return tub-
ing (18 so as to be returned to the reservoir for
re-use. However, it will be undersiood that if
operating fuid in the supply tubing has become
contaminated prior to reinstallation of the pump
121 for any reason, returning such contami-
nated operating fluid to the reservoir may be
avoided by preventing fluid flow through the

-return tubing 118 and by permitting fluid fiow

through the production tubing {18.

As will be apparent, one advantage of the em-
bodiment now under consideration is that it is
possible to remove and reinstall the pump 21

“with substantially no loss of operating fluid from

the system, the production tubing 119 being iso-

s



2,589,670

17

lated from that portion of the system reserved.

for the operating fluid during both the pump-
removal operation and the operation of rein-
stalling the pump, as long as the valve !84 in
the production line 133 remains closed.

While the embodiment under consideration has
one disadvantage in that it permits the produc-
tion fluid to come in contact with both the supply
and production tubings, it has an important ad-
vantage in that it permits the use of a produc-
tion tubing of relatively large diameter so as to
minimize frictional losses between the production
stream and the production tubing, which is im-
portant in wells permitting the use of g pump

having a pump section of large capacity and a
- motor section of small capacity.

Although I have disclosed exemplary embodi-
ments of my invention herein for purposes. of

llustration, it will be understood that T do not

intend to be limited specifically thereto since

various changes, modifications, and substitutions

may be incorporated in such embodiments with-
out departing from the spirit of the invention.

I claim as my invention: '

1. In a closed, fluid-operated, free-pump sys-
tem for a well, the combination of: supply, re-
turn and production tubings set in the well and
respectively adapted to convey operating fluid
downwardly into the well from the surface, spent
operating fluid upwardly in the well to the sur-
face and fiuid produced by the well upwardly
therein to the surface, one of said tubings being
disposed within another of said tubings which

encloses said one fubing; means for intercon-

necting the lower ends of said tubings in fluid
communication with each other and with the
well; and a fluid-operated free pump movable in
one’'of said tubings other than said enclosing tub-~
ing into an operating position at the lower end
thereof, said pump having an intake, an exhaust,
an inlet and an outlet which communicate with
said supply tubing, said return tubing, the well
and said production tubing, respectively, when
said pump is in said operating position.

2. In a closed, fluid-operated, free-pump sys-

tem for a well, the combination of: three tubings
set in the well and respectively adapted to con-
vey operating fluid downwardly into the well
from the surface, spent operating fluid upwardly
in the well to the surface and fluid produced by
the well upwardly therein to the surface, at least
one of said tubings being disposed within an-
other of said tubings which encloses said one
tubing; means for interconnecting the lower ends
of said tubings in fluid communication with each
other and with the well; a pump seat at the lower
end of and aligned with one of said tubings other
than said enclosing tubing; and a fluid-operated,
free pump movable in the tubing having said
pump seat at its lower end into an operating
position wherein said pump is seated on said

pump seat, said pump having an intake, an-ex-

haust and an outlet which communicate with
said tubings, respectively when said pump is in
said operating position, and having an inlet
which communicates with. the well when said
pump is in said operating position. .
3. In a closed, fluid-operated, free pump gys-
tem for a well, the combination of: supply, re-.
turn and production tubings set in the well and
respectively adapted to convey operating fluid
downwardly into the well from the surface,; spent
operating fluid upwardly in the well to the sur-
face and fluid produced by the well upwardly
therein to the surface, one of said tubings being
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disposed within another of said tubings which en-
closes said one tubing; a tubular pump receiver
at the lower end of and aligned with one of said
tubings other than said enclosing tubing, said
pump receiver being connected to the lower ends
of said tubings in fluid communication there-
with and being in fluid communieation with the
well; and a fluid-operated, free pump movable
in said tubing having said pump receiver aligned
therewith and movable into an operating posi-
tion in said pump receiver, said pump having an
intake, an exhaust, an inlet and an outlet which
communicate with said supply tubing, said re-
turn tubing, the well and said production tubing,
respectively, when said pump is in said operat-
ing position in said receiver.

4. A closed system as set forth in claim 3 in-
cluding sealing devices for normally preventing
direct flow of fluid between said tubings and the
well when said pump is in said operating posi-
tion.

5. In a closed, fluid-operated, free-pump sys-
tem for a well, the combination of: supply, re-
turn and production tubings set in the well and
respectively adapted to convey operating fluid
downwardly into the well from the surface, spent
operating fluid upwardly in the well to the sur-
face and fiuid produced by the well upwardly
therein to.the surface, one of said tubings being
disposed within. another of said tubings which
encloses said one tubing; a tubular pump re-
ceiver connected to the lower ends of said tub-
ings in alignment with one of said tubings other
than said enclosing tubing, said pump receiver
communicating at its upper end with and having
substantially the said internal diameter as the

“tubing with which it is aligned, and said pump

receiver having passages which provide fluid com-
munication between the others of said tubings
and said pump receiver and between the well and
said pump receiver; a pump seat carried by said
bump receiver at the lower-end thereof and in
alignment therewith; a fluid-operated, free pump
movable in the tubing with which said pump re-
ceiver is aligned and movable into an operating
position in said pump receiver wherein it is seated
on said pump seat, said pump having an intake,
an exhaust, an inlet and an outlet which com-
municate with said supply tubing, said return
tubing, the well and said production tubing, re-
spectively, when said pump is in said operating
position; .and sealing devices for normally pre-
venting direct flow of fluid between said tubings
and the well by way of said pump receiver when
said pump is in said operating position.

6. In a closed, fluid-operated, free-pump sys- .
tem for a well, the combination of: supply, re-
turn and production tubings set in the well and
respectively adapted. to convey operating fluid
downwardly into the well from the surface, spent
operating fluid upwardly in the well to the sur-
face and fluid produced by the well upwardly
therein:to the surface, one of said tubings being
disposed within another of said tubings which en-
closes said one tubing; a tubular pump receiver
connected to the lower ends of said tubings in
alignment with one of said tubings other than
said enclosing tubing, said pump receiver com-
municating at its upper end with and having sub-
stantially the same internal diameter as the tub-
ing with which it is aligned, and said bump re-
ceiver having passages which provide fluid com-
munication between the others of said tubings
and said pump receiver and between the well and
said pump receiver; a pump seat carried by said
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pump: receiver at.the lower: end: thereof and: in.
alignment therewith; a. fluid-operated,; free-pump.
movable in.the tubing with: which said. pump.re--
ceiver is: aligned and movable into an operating

position in said pump receiver wherein: it. is. 5

seated on said pump. seat, said pump having an
intake, an.exhaust, an inlet and an outlet- which:
communicate with said supply tubing, said.re--
turn. tubing, the well and said production. tub-
ing, respectively, when. said: pump is in said: op=~
erating position; sealing: devices for normaily:

preventing direct. flow. of fluid between said tub-. -

ings and the well by way: of said pumpr receiver:
when: said pump. is in-said operating position; a.
chamber in- said’ pump. receiver between said

pump seat and said pump; and passage means.

providing fuid communication between said -

chamber- and one of the tubings which are-not..

aligned with said pump- receiver so as to- deliver
fluid fowing downwardly-through szid one non-

20:

aligned tubing to said chamber to move said: -

pump- upwardly. cut. of said pump receiver- and
through. the tubing in registry with said pump:
receiver to-the surface.

7. In. & closed, finid-cperated, free-pump-sys-
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tem: for- a- well, the combination of: supply, re-.

turn. and production. tubings set.in the well: and’
respectively: adapted to convey operating fluid
downwardly. into.thie well from- the surface, spent:
operating fuid upwardly in: the well to- the- sur--

20:

tem for a.well, the combination of: supply, res

turn and preduction. tubings. set.in the well: and’

respectively adapted ta convey operating fluid:
downwardly into the well from the surface,. spent:
operating fluid upwardly. in the well to the sur-.
face and: fluid produced by the well upwardly
therein. to the suriace, one of said tubings being
disposed within another of said tubings; means.
for interconnecting the lower ends of said tub-.

,ings in fluid communication with each other- and:

with the-well; a. fluid-operated, free pump mov=-
able in said one tubing into. an operating posi--
tion at. the lower-end thereof, said pump-having
an. intake, an exhaust, an inlet’' and an outlet

_which communicate with said supply tubing, said:-

return tubing, the well and said prcduction tub--
ing, respectively, when said pump is in said oper-
ating position; means for normally preventing
direct-flow: cf - fluid between said tubings and the
well by way-of said interconnecting means when-
said pump is in said operating position; -and pas-
sage means -communicating with said one tubing-
and- with one of the others of said tubings for
applying a downward flow:of fiuid through said
one: other tubing to the lower end of said pump
to move said pump upwardly from its operating

'position through said one tubing-to the surface.
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face and fluid produced by the well upwardly- -
therein to the surface, one of said tubings being- -

disposed within another cf said tubings' which
encloses- said one tubing; a tubular pump re-
ceiver connected to the lower ends of* said tub-

ings in alignment with one of said tubings other-

than said enclosing tubing, said: pump receiver
communicating at its upper-end with- and having
substantially the same internal diameter as the-
tubing with which it is aligned, and said pump
receiver having passages- which provide fluid
communication between- the- others: of said tub-
ings. and said pump receiver and between the
well: and- said pump receiver;: & pump seat car-
ried by said pump receiver at the lower end
thereot and in alicnment therewith; a fluid-op--
erated; free: pump movable in the tubing with:
which- said pump:receiver is:aligned and movable:
into an. operating positicn in said pump receiver
wherein it is seated on said pump seat, said pump-
having’ an intake, an exhaust; an inlet and an
outlet which communicate with said- supply- tub-:
ing, said return tubing, the well'and said produc=-
tion tubing; respectively; when- said: pump-is:in-
said operating position; sealing devices. for: nor-
mally preventing direct flow: of fluid between:said
tubings. and the well by way.of said pump receiv-
er-when said pump-is in said operating position;
a_ chamber in said pump. receiver between.said
pump: seat and said pump; -passage.means: pro-
viding- fluid communication between said cham-
ber and one ¢f the.tubings which.are not: aligned:
with. said pump. receiver so as. to deliver fluid
flowing downwardly. through:said one nonaligned.
tubing: to said chamber to move said pump:.up--
wardly out of said pump receiver and through.
the: tubing. in registry with said pump-receiver-to-
the surface: and-another sealing device for nor-
mally preventing flow of: fluid: between. said: pase
sage means-and said preduction.tubing.

8. A closed system as. set. forth. in claim 7
wherein: said other sealing device comprises: an-
annular. sealing element adapted: to be positioned
between said: pump and. said: pump receiver.

10: A closed system- as set forth in claim- 9
wherein said- one tubing is said supply tubing:

11. A closed System as set forth in claim 9
wherein said-ohe other tubing with which said-
passage means communicates s said return tub-
ng. :
12. A closed system as set forth in claim' 9

: wherein said supply and return tubings are with-
. outsaidproduction tubing.

"7 13: A closed system as set forth in claim 9

40:

wherein said’ one tubing is of larger diameter
than one of the others of said tubings:

14. A closed system according to claim 9 where-
in- said production tubing is of larger diameter-
than at least one of the others-of said tubings.

15. A closed system as defined in claim 9

. wherein said production tubing is of larger diam-
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eter-than either of the other two tubings.

16; A closed system according. to claim 9 where--
in, the tubing within which said one tubing is dis-
posed is located beside the other of said tubings.

17: In a closed, fluid-operated, free-pump sys-

. tem for-a well; the: combination of: supply, re-

turn’ and. production: tubings-set in the well and
respectively adapted to convey- operating - fluid

. downwardly into the well from the surface;, spent:
* operating fluid: upwardly in the well to the-sur-

55+

face and fluid produced- by the well upwardly-

7+ therein  to the surface, said supply tubing being-
. disposed within one of the others-of said tubings;:
- a tubular-pump receiver at the lower end of and
- registering with said:supply tubing, said pump re-

60:

65:

70:

ceiver-being: connected- to the lower:ends of said:
tubings: and' being- in fluid ‘communication with
said tubings and:with-the-well; & pump seat car-
ried by- said- pump receiver and disposed at the-
lower end. thereof in registry therewith; a fluid-
operated, free pump movable in said supply tub=-
ing' and: movable into an operating- position in
said pump receiver- wherein it is seated on said:-
pump seat, said: pump having an intake, an ex-
haust, an-inlet-and an outlet which communi-
cate  with said supply tubing, said return tubing,
the-well and said production tubing, respectively;
when: said: pump- is- in- said’ operating position;
means- for normally preventing direct flow of:
fluid: between- said- tubings and: the well through

9: In- & closed, fluid=operated, free-pump- sys- 78:said: pump- receiver when- said- pump- is-in- said
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operating position; and passage means commu-
nicating with one of said other tubings and with
said pump receiver above said pump seat for ap-
plying a downward flow of fluid in said one other
tubing to the lower end of said pump to move it
upwardly out of said pump receiver and through
said supply tubing to the surface.

18. A closed system as set forth in claim 17
wherein said passage means communicates with
said return tubing and wherein said means for
hormally preventing direct flow comprises a seal-
ing device for preventing fluid communication
between said return tubing and said production
tubing when sald pump is in said operating
position.

19. A closed system as set forth in claim 18
wherein said sealing device comprises an annular

™

10

sealing element adapted to be positioned between

said pump and said receiver.

20. A closed system as set forth in claim 17
wherein said supply tubing is disposed within
said return tubing.

21. A closed system as set forth in claim 17
wherein said supply tubing is disposed within
said production tubing.

22. A closed system as set forth in claim 17
wherein said supply tubing is of larger diameter
than one of the others of said tubings.

23. A closed system as set forth in claim 17
wherein said production tubing is of larger diam-
eter than one of the others of said tubings.

24. A closed system as set forth in claim 17
wherein said production tubing is of larger diam-
eter than either of the others of said tubings.

25. In a closed, fluid-operated, free-pump sys-
tem for a well, the combination of: supply, return
and production tubings set in the well and re-
spectively adapted to convey operating fluid
downwardly into the well from the surface, spent
operating fluid upwardly in the well to the sur-
face and fluid produced by the well upwardly
therein to the surface, said supply tubing being
disposed within one of the others of said tubings;
a tubular pump receiver at the lower end of and
aligned with said supply tubing, said pump re-
ceiver being connected to the lower ends of said
tubings in fluid communication therewith and
being in fluid communication with the well; a
fluid-operated, free pump movable in said supply
tubing into an operating position in said pump
receiver, said pump having an intake, an exhaust
below said intake, an outlet below said exhaust
and an inlet below said outlet, said intake, said
exhaust, said inlet and said outlet respectively
communicating with said supply tubing, said re-
turn tubing, the well and said production tubing
when said pump is in said operating position:
an annular sealing element carried by said pump
intermediate said intake and said exhaust and
engageable with said pump receiver when said
pump is in said operating position; another an-
nular sealing element carried by said pump inter-
mediate said exhaust and said outlet and engage-
able with said pump receiver when said pump is
in said operating position; and sealing means
providing a fluid-tight seal between said inlet and
said outlet when said pump is in said operating
position.

26. A closed system according. to claim 25 in-
cluding a passage communicating at one end with
said return tubing and at its other end with said
pump receiver at a point which is intermediate
said other annular sealing element and said seal-
ing means when said pump is in said operating
position, said system including a sealing device
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for normally preventing flow from said retutrn
tubing through said passage to said production
tubing. when said pump is in said operating
position.

27. A closed system as set forth in claim 26
wherein said sealing device comprises an an-
nular sealing element carried by said pump and
engageable with said pump receiver.

28. In g closed, fluid-operated, free-pump sys-
tem for a well, the combination of: supply, return
and production tubings set in the well and re-
spectively adapted to convey operating fluid
downwardly into the well from the surface, spent
operating fluid upwardly in the well to the sur-
face and fluid produced by the well upwardly
therein to the surface, said supply tubing being
disposed within one of the other tubings and the
second of the other tubings being disposed with-
out and beside said one other tubing; means for
interconnecting the lower ends of said tubings in
fluid communication with each other and with
the well; and a fluid-operated, free pump mov-
able in said supply tubing into an operating posi-
tion at the lower end thereof, said pump having
an intake, an exhaust, an inlet and an outlet
which communicate with said supply tubing, said
return tubing, the well and said production
tubing, respectively, when said pump is in said
operating position.

29. A closed system as set forth in claim 28
wherein said one other tubing and said second
other tubing are said return tubing and said pro-
duction tubing, respectively.

30. A closed system as set forth in claim 28
wherein said one other tubing and said second
other tubing are said production tubing and said
return tubing, respectively.

31. In a closed, fluid-operated, free-pump sys-
tem, the combination of: a primary tubing and
a pair of secondary tubings set in the well with
one of said secondary tubings enclosing at least
one of the other two tubings, said primary
tubing being of a size to receive a fluid-operated,
free pump and providing for movement of the
bump hstween an operating position at the lower
end of said primary tubing and the surface;
means interconnecting the lower ends of said
tubings, said interconnecting means having pas-~
Sage means providing fluid communication be-
tween one of said secondary tubings and said
primary tubing and having passage means pro-
viding fluid communication between the other of
said secondary tubings and said primary tubing;
and inlet means connected to said primary tubing
and having a passage providing fluid communi-
cation between the well and said primary tubing,
said inlet means having means for preventing
flow of fluid from said primary tubing into the
well through said passage.

CLARENCE J. COBERLY.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,630,902 Parrish .___________ May 31, 1927
1,765,921 IOY e June 24, 1930
2,162,748 Richards et al. _____ June 20, 1939
2,230,787 Swain .. ____________ Feb. 4, 1941
2,230,830 Coberly . _______ Feb. 4, 1941
2,277,181 Zuck . Mar. 24, 1942
2,338,903 Coberly oo ___ Jan. 11, 1944



