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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 fuid-
operated well pump of the co-called “free” type.
" Reference is hereby made to my copending ap~
plications Serial No. 93,483, filed May 16, 1949,
Serial No. 93,482, filed May 18, 1948, and Serial
Ne. 93,484, filed May 16, 1249,

It is conventional in the oil industry to em-
ploy a well pumpd apparatus which includes a
free fluid-operated pump, such a pump being
movable into and out of the well through a tub-
ing set in the well and being adapied to assume
an operating pesition at the lower end of such
tubing. Examples of such fluid-operated, free-
pump systems are disclosed in my Patents Nos.
2,230,830, granted February 4, 1941, and 2,338,903,
granted January 11, 1944, o

In conventional fluid-opsrated, free-pump sys-
tems, such as those disclosed in my aforemen-
tioned patents, two tubings are employed, one
for conveying coperating fiuid downwardly in the
well to the pump and the other for conveying
ftuid producsd ty the well upwardly therein from

the pump to the surface, the two tubings being :

referred to hereinafier as the supply and pro-
duction tubings, respectively. In such conven-
tional systems, the pump is movable into its op~
erating position through the supply tubing. The
supply and production tubings are intercon-
nected at their lower ends in fluid communica-
tion 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 pro-
duction tubing as production fluid.

In installing such a free pump in the well, it
is moved downwardly through the supply tubing
into its operating position at the lower end
thereof either by the action of gravity or by the
application of fluid pressure to the upper énd of
the pump. After the pump has been installed
in its operating position, operating fluid, which
is usually clean crude oil, is delivered to the
motor section of the pump under relatively high
pressure through the supply tubing. Ag-is well
known in the art, such operating fiuid is alter-
nately directed by a suitakle valve mechanism in
the motor section of the pump to opposite ends
of a motor piston which is coupled to a2 pump
piston in the pump section of the device, fluid
from the well being admitted to the pump ssc-
tion by a suitable valve mechanism therein.
Such alternating application of operating fluid
pressure to the ends of the motor piston produces
reciprocation of the motor and pump pistons with
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the result that the pump piston pumps fuid pro-
duced by the well into the production tubing, the
latter conveying the production fluid upwardly
therein to the surface. When removal of the
pump from 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 suriace. This is accom-
plished coaventionally by reversing the flow
through the system so that operating fiuid fows
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 sur-
face. .

In a conventional free-pump system of the
foregoing character, the spend operating fluid
discharged by the motor section of the pump is
delivered to the production tubing so that the
spent operating fiuid and the production fiuid are
intermized and conveyed upwardly together
through the production tubing. Since the op-
erating fluid delivered to the pump through the
supply tubing must be clean, in order to prevent
abrasion and corrosion of the moving parts of
the pump, fresh operating fluid must be sup-
plied to the system .continuously. The con-
tinuous provision of such fresh operating fluid
requires considerable surface eguipment, nor-
mally in the form of settling tanks or Hlters,
which is expensive to install and operate. Also,
in. the particular arrangement hereinbefore
mentioned wherein the pump is disposed in the
supply tubing, the flow reversal necessary to re-
move the. pump from the well may carry any
sand or other foreign matter present in the pro-
duction fluid ianto the supply tubing with the
result that such. foreign matter may enter the
moter section of the pump upon resumption of
operation after reinstallation with the attend-
ant possibility of damage to the pump.

In view of the foregoing, it is a primary ob-
jeet of this invention to provide a closed sys-
tem for the fluid-operated free pump which in-
cludes a third tubing separate from the supbly
and production tubings for returning the spent
operating fluid to the surface independently of
the well fluid, the tubing for returning the spent
operating fiuid being referred to hereinafter as
the return tubing. With such a closed system,
the spent.operating fluid is separately conveyed
hack to the surface for storage and re-use to
actuate the fAuid-operated pump so that there
is very little loss of operating fluid from the sys-
tem and; consequently, the surface ‘equipment
necessary to supply fresh operating fluid to the
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system needs have only a relatively small ca-

pacity and can be relatively cheap and econom-
ical, both as regards initial cost and operating

s

normsally preventing direct flow between the

. tubings and the well by way of the pump receiver
. when the pump is in its operating position so

costs. Also, the reversed flow necessary to move- -

the pump upwardly to the surface during re-

moval of the pump may take place through the-

return tubing to avoid carrying sand and other

foreign matter into that portion of the system
reserved for the operating fluid, which is an im- ..

portant feature. As will be pointed out in more

10

detail hereinafter, further objects of the inven-

tion reside in certain modifications of the pump

and in the tubing arrangements 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,

15

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, return
and production tubings respectively  being
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 a closed system wherein the supply, return
and production tubings are set in the well con-
centrically with the innermost tubing adapted to
receive the pump.

Another object is to provide such a closed
system wherein the three tubings are intercon-
nected at their lower ends in fluid communica~
tion with each other and with the well so that
the pump may, when in its operating position,
receive operating fluid for its actuation from the
supply tubing through an intake, 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 tubing through an outlet.

Another 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 the lower end of the pump to move it upwardly
out of its operating position and through the
tubing in which it is disposed to the surface
~ whenever removal of the pump from the well is
desired.

Another object is to provide a closed system
which includes a tubular pump receiver disposed
at the lower end of and in alignment with the
tubing through which the pump is movable, the
pump receiver being, in effect, an extension of
siich tubing and providing the aforementioned
operating position for the pump. A related ob-
ject 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. . i
Another object is to provide a pump receiver
having passages which place the interior thereof
in fluid communication with the supply, return
and production tubings and with the well in such
2 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
return tubing, the well and the production tubing, -

respectively, when the pump is disposed in the
pump receiver and seated on the pump seat. .
Another object is to providé sealing means for
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that operating fluid may flow only from the sup-
ply tubing through the mdtor section of the pump
to the return tubing and so that well fluid may
flow only from the well through the pump section
of the pump to the production tubing. More
specifically, an object in this connection is to
‘provide a sealing means which, when the pump
is in its operating position, places the supply
tubing in fluid communication with only the in-
take of the pump, the return tubing in fluid com-
munication with only the exhaust of the pump,
the well in fluid communication with only the
inlet of the pump and the production tubing in
fluid communication with only the outlet 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 inner wall of the pump re-
ceiver to prevent direct flow between the tubings.

Another object is to provide passage means
communicating at one end with one of the
tubings, other than the tubing aligned with the

.pump receiver, and at its other end with a cham-

ber in the pump receiver between the pump seat
and the pump for applying a downward flow of
fluid through such tubing to the lower end of the
pump to move it upwardly out of the pump re-
ceiver 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 pas-

.sage means and the pump receiver when the
. pump is in its operating position. Another object

in this connection is to provide a system wherein
the aforementioned sealing device is an annular.
sealing 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 pas-
sage 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 return tubing to prevent introducing
sand and other abrasive matter into the pump
recejver. ) :
| Still another object is to provide a closed sys-
tem wherein the pump is movable into its oper-

_ ating position in the pump receiver through the
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- 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. .

Another object is to minimize the power re-
quired to overcome friction between the produc-

‘tion fiuid moving upwardly through the produc-

tion tubing and the wall of the preduction tubing
by employing a production tubing having a large
internal diameter. This feature is particularly
important under well conditions such that a pump
having a motor section of small capacity and a
pump section of large capacity may be employed.

Another object of the invention is to provide
a closed system wherein the outermost of the
concentric supply, return and production tubings

-~ is the casing of the well.

78

The foregoing objects and advantages. of the:
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present irivention, together with other objects and
advantages thereof which will become apparent,
may ke attained through the employment of the
exemplary embodiments of the invention which
are illustrated in the accompanying drawings and

which are described in detail hereinafter. Refer--

ring to the drawings:

‘Fig. 1 is a utility view.of a closed, fluid-oper-
ated, free-pump system which embodies the in-
vention;

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

Fig. 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—§ of Fig. 5;

Fig. 7 is an enlarged, vertical sectional view
taken along the broken line T—17 of Fig. 6; and,

Fig. 8 is a downward continuation of Fig. 7.

10

15

20

Considering first the embodiment illustrated in

Figs. 1 to 4 of the drawings with particular refer-

ence to Fig. 1 thereof, I show a well casing 15 ¢

which is set in an oil well with its lower end open
to an oil producing zone of the well as is well
known in the art, the casing being prov1ded with
a casing head 16 at its upper end. Set in the
well within the casing 5 is a closed tubing system
which comprises concentric supply, return and
production tubings respectively designated by the
numerals {1, 18 and (9, the supply tubing being
set within the return tubing and the return tub-

ing being set within the production tubing. The :

tubings 7, 18 and 19 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
effect, forms a downward extension of the inner-
most or supply tubing i7. The pump receiver 2§
provides an operating position for a fluid-oper-
ated, free pump 21 which is movable downwardly
through the supply tubing !7 into its operating
position in the pump receiver, the internal diam-
eter of the pump receiver being substantially
equal to that of the supply tubing. As will be
discussed in more detail hereinafter, the supply
tubing 17 is adapted to convey operating fluid,
such as clean crude oil, under pressure down-
wardly in the well from the surface to the pump
2| to actuate the pump, and the return tubing {8
is adapted to receive spent operating fluid dis-
charged by the pump and to convey the spent
operating fluid upwardly in the well to the sur-
face. The pump 21 is adapted to receive. well
fluid from the well and fo discharge it into the
production tubing (9 as production fluid, the
production tubing conveying the production fluid
upwardly in the well to the surface.

- The supply, return and production tubmgs 7,
18 and 19 are connected at their upper ends to a
tubing head 2T which includes supply, return and
production sections 28, 29 and 30 in fluid com-
munication with the supply, return and produc-
tion tubings, respectively. Connected to the tub-
ing head sections 28, 29 and 3¢ in fluid communi-
cation therewith are sugply, return and produc-
tion lines 31, 32 and 33 which respectively com-
municate with the supply, return and production

tubings 117, 18 and {9 through the corresponding

tubing head sections. The supply line 3! leads to
g suitable source (not shown) - of operating fluid
under pressure, which sour.e may be a conven-

tional triplex pump having its intake connected
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to a suitable reservoir. The return line 32 leads
to the reservoir and the production line 33 leads:
to a suitable point of disposal or storage for the:
production fluid. The tubing head 27 also in-.
cludes a tube 34 which is aligned with the supply
tubing 17T and through which the pump 24 may.
be inserted into or removed from the supply tub--
ing. The tube 34 may have associated therewith:
& pump catcher (not shown) for the pump 21,
the latter having at its upper end a tapered head
3% which is receivable by the pump catcher gur-
ing removal of the pump from the well. The
pump catcher may be of any suitable type, such
as that disclosed in my aforemeéntioned Patent
No. 2,338,903. o

Referring now to Figs. 3 and 4 of the drawmvs:
and considering the structure of the pump re-
ceiver 20, it includes an inner sleeve 39 which-
is aligned with and which, in effect, forms an ex-
tension of the supply tubing {1, an annular ele-:
ment 4§ being clamped between the supply tub- -
ing and the sleeve 39 by a coupling 8i threaded
onto the lower end of the return tubing 18 and
onto the upper end of the sleeve 39. It will be

-noted that the upper surface of the annular ele-

ment 43 and the lower end of the supply tubing
{1 are complementary tapered so that the annu-.
lar element 40 serves to center the lower end of
the supply tubing in the return tubing. A spacer:
48a having passages therethrough is disposed be-
tween the tubings 7 and (8 above the element 48.

-Telescoped over the coupling 41 and sealed
with respect thereto by an annular sealing ele-.
inent 42 is an outer sleeve 43 which is spaced
radially from the lower end of the coupling 4.
and from the inner sieeve 39 to provide an an-
nular space 44 for spent operating fluid, the low-
er end of the coupling 41 being provided .with.
ports 45 therethrough so that spent operating
fluid from the annular space 44 may flow through-
such ports into the return tubing i8, i. e., into
ihe annular space between the supply tubmg i1
and the return tubing. The spent operating fluid
may enter the annular space 44 through radial.
ports 48 in the inner sleeve 38 and through regis--
tering ports 47 in a liner 48 pressed into-the in--
ner sleeve 39. _

Threaded into the lower end of the inner sleeve:
39 is another inner sleeve 51 which is threaded
at its lower end into a bore 52 in a fitting 53.at
the lower end of the pump receiver 20, the outer-
sleeve 43 being telescoped over the upper end of
this fitting and being sealed with" respect thereto
by an annular sealing element 54.  With this
cofistruction, assembly. of the .inner sleeves 39
and 5{ and the outer sleeve 43 with the coupling-
41 and the fitting 53 is facilitated since the outer
slesve may slide relative to the coupling and the
fitting as the inner sleeves are threadedly con-
nected thereto. .

The fitting 53 is provided at its lower end with:
a tapered foot 57 which is adapted to seat on a.
complementary seat 88 in a fitting 59 at the lower
end of the production tubing 19. With this con--

“struction, the supply and return tubings 17 and

18 and the pump receiver 29 may be removed

irom-the well without removing the production. -

tubing {9, which is a feature of the invention.
The bore 52 in the fitting 53 communicates
with the well through a passage €0 in this fitting
and through longitudinal arid lateral passages 61 )
and 82 in the fitting 59 at:the lower end of ths
production tubing., The bore.52 in the ftiing 53

also.communicates with the production tubing 18:

by way of one or more ports 63 in ths httmg 83,
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i. e., communicates with an annular space 64 be-

tween the outer Sleeve 43 and the production:

tubing 19, which annular space in turn commu-
nicates at its upper end with the annular space
between the return tubing 18 and the production
tubing. Thus, with this construction, the pump
receiver 20 interconnects the lower ends of the
supply, return and production tubings i1, 18 and
18 in fluid communication with each other and
with the well. L
The fitting 53 of the pump receiver 20 is pro-
vided with a passage means 66 for applying a
downward flow of fluid through the return tub-
ing 18 to the lower end of the pump 21 to move
the pump upwardly out of the pump receiver 20
and through the supply tubing 1T to the surface
when removal of the pump is desired for any rea-

son, this passage means comprising one or more.

longitudinal passages 61 which communicate at
their upper ends with the annular space 44 be-
. tween the inner sleeves 39 and 51 and the outer
sleeve 43 and which communicate at their lower
ends with an annular chamber 68 at the lower
end of the pump 2i.

Disposed in the lower end of the bore 52 in the
fitting 53 is an inlet fitting 12 for the pump 21,
the latter having an inlet which is adapted to re-
ceive well fluid from the well through the inlet
fitting by way of the passages 60, 61 and 62 when
the pump is in its operating position, as will be
discussed in more detail hereinafter. As is well
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known in the art, the inlet fitting 72 is preferably .

provided with a check valve (not shown) which-

permits upward flow of well fluid into the in-
terior of the pump receiver 29, but which pre-
vents downward flow of fluid out of the pump re-
ceiver into the well. The inlet fitting 72 also
serves as a seat for the pump 21, the latter being
in its operating position when it is disposed:in
the pump receiver 20 and seated on the inlet fit-

ting. The pump 21 is adapted to seat on the inlet.

fitting 72 automatically when it is moved down-
wardly through the supply tubing T into the
pump receiver 20 so that it automatically as-
sumes its operating position. The inlet fitting 72
is seated on an annular insert 13 which is dis-

posed in the bore 52 in the fitting 53 and which'

is seated on a shoulder 74 therein.

Except for certain modifications required- to
adapt it to the closed tubing system of the in-
vention, the free fluid-operated pump 21 may be
of conventional design and will not be described
in detail. In general, the pump 21 includes a
motor section and a pump section below the mo-
tor section, the motor and pump sections re-
spectively including coupled motor and pump
pistons (not shown). The motor section of the
pump 2{ is actuable by operating fluid under
pressure delivered thereto by the supply tubing
{1, the operating fluid under pressure being
adapted to enter the motor section of the pump
through ports which serve 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 78 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 2{, the rod being adapted to convey.

the operating fluid under pressure from the in-
take to the motor section of the pump. - .

After the operating fluid admitted to the motor
" section of the pump 2{ through the intake 78
has actuated the pump, it is discharged from the
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motor section through ports forming an exhaust
8 for the pump. When the pump 2{ is in its
operating position, the exhaust 81 communicates
with an annuler space 82 between the pump and
the liner 48 in the inner sleeve 39, this annular
space communicating with the return tubing . 18
through the ports 47 in the liner, the ports 46
in the inner sleeve 38, the annular space 44 be-
tween the inner sleeve and the outer sleeve 43,
and the ports 45 in the coupling 41. Thus, the
operating fluid under pressure in the supply
tubing {7 flows through the motor section of the
pump 21 to actuate it and is discharged into
the return tubing (8 as spent operating fluid.
Tn order to prevent direct flow of operating
fluid between the supply and return tubings 17
and 18 by way of the pump receiver 20, I pro-
vide sealing means comprising annular sealing
elements 86 and 81 which are carried by the pump
21 respectively above and below the exhaust 81
and which are adapted to engage the liner 48
respectively above -and below the ports 47 in the

_liner when the pump 21 is in its operating posi-

tion. It will be noted that this arrangement
places the annular sealing element 86 inter-
mediate the intake 78 and the exhaust 81 of the
pump. Thus, the annular sealing elements 86
and 87 isolate the intake 18 and the.exhaust 81
when the pump 21 is in its operating position
so that the intake may communicate only with
the supply tubing (7 and so that the exhaust may
communicate only with the return tubing i8.

. As previously mentioned, the pump section of
the pump 2¢ 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 12,
the inlet of the pump section not being shown
specifically. The pump section of the pump is
also provided with ports forming an outlet 88
for production fluid discharged by the pump sec-
tion, the outlet communicating with an annular
space 89 which is disposed between the pump and
the inner sleeve 61 and which communicates at
its lower end with the ports 63 leading to the
production tubing (8. Thus, production fluid

"discharged by the pump 21 through the outlet

88 flows through the annular space 89, the ports
63 and the annular space 64 into the annular
space between the return and production tubings
18 and 19. o
It will be noted that the annular sealing ele-
ment 87 is disposed between the exhaust 8l and
the outlet 88 so that it prevents flow between the
return. and production tubings I8 and 18 when
the pump is in its operating position. Also, since
the pump 21 is seated on the inlet fitting 12
when in its operating position, the pump seat
provided by the inlet fitting serves to prevent
direct flow between the well and the tubings
{1, 18 and {9. In order to prevent flow be-
tween the return and production tubings 18 and
{9 by way of the passage means 66 when the
pump 2! is in its operating position, the pump
carries an annular sealing element 84 which is
adapted to engage a liner 95 pressed into the
pore 52 in the fitting 53 of the pump receiver 20.
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 19 to the surface. Under such
conditions, the pump 21 is in its operating posi-
tion in the pump receiver 20 so that it is seated
on the inlet fitting 72, and operating fluid under



2,680,669

9

~pressure  is being conveyed downwardly to the .

: pump 21 through the supply tubing 17 and enters :

‘the motor section of the pump through the intake.

78 to actuate the pump, spent operating fluid
being discharged into the return tubing

through the exhaust 8t and being conveyed up- -

wardly in the well to the surface by the return
“tubing, The well fluid entering the pump sec~

“tion of the pump 2{ through its inlet is dis- -

charged into the production tubing {9 through
“the outlet 83 and is conveyed upwardly in the
well to the surface as production fluid. It will
“be" apparent "that, with this construction,. the
spent operating fuid is returned to the surface
separately from the production fiuid so that it
may be re-used to actuate the pump 2f, which
is a primary feature of the invention.

In the event that removal of the pump from
the well is necessary in order to service or repair
‘the pump, or for any other reason, it is merely
necessary to direct a’ flow of operating fluid
under pressure downwardly through the return
“tubing I8, instead of through the supply tubing
“11. This may be accomplished by connecting
the return line 22 to the source of .operating
‘fluid under pressure, the supply line 31 prefer-
ably being connected to the reservoir associated
with the :source under such conditions. As will
"be apparent, this may be accomplished by a
-suitable  arrangement of: valves (not shown).
"Also, fluid flow through the production tubing (9
‘and the production line 33 under such conditions
is preferably prevented, as by closing a valve 96
in the production line.

Under the conditions outlined in the precedmg
paragraph, operating fluid under pressure flows
sdownwardly through the return tubing 18 and
‘into the annular chamber 68 at the lower end
of the pump 21 by way of the ports 45 in the
coupling 2{, the annular space £4 between the
‘inner sleeves 39 and 5{ and the outer sleeve 43,
and the passage means 86. The pressure of the
operating fluid entering the annular chamber 68
in the foregoing manner is applied fo an annular
area 971 at the lower end of the pump 2/ so as
to unseat the pump from the inlet fitting 72 and
is then applied to the entire area of the pump
so as-to move it upwardly in the pump receiver
20, upward flow of the operating fluid applied

to-'the lower end of the pump in this- manner |

past the pump being prevented by the annular
sealing elements 88, 87 and 94 which engage the
Jiners 48 and 85. After the pump 24 is moved
upwardly in the pump receiver 28 a distance such
that the annular sealing elements 88, 87 and 84
disengage the liners 48 and 85, upward flow of
operaking fluid past the pump is prevented by
packing devices 88 and 23 which are carried by
the rod 88 and which are adapted to engage the
inner wall of the supply tubing {7 in a substan-
tially ‘- fluid-tight manner, the portions cof the
pump 2{ which carry the annular sealing ele-
ments 86, 81 and 94 preferably being of smalier

20

10

“be removed from the supply tubing through the

tube 34 at the upper end of the tubing head 27.
During the foregoing pump-removal operation,
flow of operating fluid employed to remove the

‘pump out of the pump receiver into the well 1s

prevented by the chéck valve in the inlet fitting
12 and flow thereof into the production tubing
19" is prevented because of the closed valve 5§
in the production line 33. It will be noted that,

“gince the valve 9§ is closed during the pump-
-removal operation, substantially none of the pro-

duction fluid can enter the pump receiver 2§
during the pump-removal operation, which is an
important feature since it prevents sand. and
other foreign matter which may be in the pro-~
ductmn fluid from entering the pump receiver.
Thus, subsequent damage to the motor section

" of the pump from this source upon re-installation

‘of the pump is prevented. It will also be noted
that, under the conditions hereinbefore outlined,
the operating fluid in the supply tubing {7 above
the pump 21 may be returned to the reservoir

"~ associated with the source of operating fluid dur-

25
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ingi'the pump-removal operation so that sub-

_stantially none of the operating fluid is lost from

the system.
When re-installation of the pump 21, or in-
stallation of a replacement pump 21, is desired,

‘it is inserted into the upper end of the supply
_tubing {7 through the tube 34 at the upper end

" of the tubing head 29 and operating fluid under

35

pressure is introduced into the supply tubing
above the pump through the supply line 3i,
the return line 32 preferably being connected to
the reservoir associated with the source of oper-

- ating fluid. Thus, the operating fluid under pres-
- sure entering the system through the supdly line

44

31 acts on the upper end of the pump 2{ to move
it downwardly through the supply tubing 17 and

into its operating position in the pump receiver

. 20 wherein it is seated on the inlet fitting 72,

‘to the reservoir.

the operating fluid previously introduced below
thé pump during the pump-removal operation
being. displaced upwardly through the return
tubing 18 and into the return line 32 leading
During the operation of in-
stalling the pump, the valve §6 in the production

- line 33 preferably prevents flow through the pro-

" duction tubing {9 so that all of the fluid employed

during the pump-removal operation is returned
to the reservoir during re-installation of the
pump. It will be understood, however, that if

~ the operating fluid in the supply tubing becomes

contaminated prior to vre-installation of the

5 pump 21 for any reason, returning such contam-

~inated operating fluid to the reservoir may be

[V

diameter than the internal diameter of the supply

tubing so as to prevent damage to the sealing
elements during movement of the pump through
the supply tubing. Afier the pump has cleared
the ports 47 in the liner 48, the doewnward flow
of operating fluid through the return tubing {8
is applied to the lower end of the pump directly
through the registering ports 486 and 47. Con-
tinued downward flow of operating fluid under
pressure through the return tubing 18 results in
upward movement of the pump 21 through the
supply tuking {7 to the surface so that it may

65

avoided by preventing fluid flow through the
return tubing 18 and by permitting fluid fiow
through thé production tubing i3.

As will be apparent, one advantage of the em-
podiment hereinbefore discussed is that it is pos-
sible to remove and re-install the pump 21 with

“substantially no loss of operating fluid from the

systém; the production tubing {9 being isolated
from that portion of the system reserved for the
operating fluid by the closed valve 96 during the
operations of removing and rp-xnstadxng the

. ‘pump.

70

Another advantage of the embodiment herein-

‘before disclosed is that it provides a production

tubing {9 of large diameter so as to minimize
friction losses between the production fuid

:stream _and the production tubing, which is an
lepartant feature, particularly in wells permit-
bl the use of a pump having a pump section
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of large capacity and a motor section of small
capacity, since it provides a high ratio of produc-
tion to power input.

Referring now to Figs. 5 to 8 of the drawings,
the embodiment of the invention illustrated
therein is similar to that illustrated in Figs, 1 to 4
and the same reference numerals are employed to
designate corresponding components insofar as
applicable. The principal difference between the
two embodiments is that, in the ope illustrated
in Figs. b to 8, the well casing i5 and casing head
{6 are eliminated, the production tubing 19 be-
ing the well casing. In order fo isolate the column
of production fluid from the well, I employ a

- packer 106 connected to the fitting 53 at the lower

end of the pump receiver 28. The passage 60 in
the fitting 53 communicates with the well below
the packer 109 so that well fluid may enter the
inlet of the pump 21 through the inlet fitting 72
_as in the preceding embodiment.

_The pump receiver 20 of the embodiment pres-

" ently under consideration is of somewhat differ-
ent construction than the pump receiver of the
previously - considered embediment, one of the
differences being that the return tubing 18 is con-
nected directly to the fitting 53, as. by being
threaded thereon. The pump receiver 208 includes
the previously described inner sléeves 39 and 5{,
a, third inner sleeve {8t being threaded into the
upper end of the inner sleeve 39 and being thread-
ed onto the lower end of the supply tubing I7.
Instead of being threaded into the fitting 83, the
lowermost inner sleeve Bi is tapered at its lower
end and is seated on a complementary seat 102
in this fitting. o

Except for the foregoing differences, the em-
bodiment of Figs. 5 to 8 is identical to that of

12

- produced by the well upwardly therein to the sur-

face; 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 the innermost of said
subings; and a fluid-operated, free pump mov-
able in said innermost tubing into an operating
position at the lower end therecf wherein it is

.seated on said pump seat, said pump having an

10

15

intake, an exhaust and an outlet which com-

municate with said tubings, respectively, when

said pump is in said operating position, and hav-

ing an inlet which communicates with the well
when said pump is in said operating position.
8. In a closed, fluid-operated, free~-pump sys-

tem for a well, the combination of: concentric

supply, return and production tubings set in the
well and respectively adapted to convey operat-

* - ing fluid downwardly into the well from the sur-

20
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~ Pigs. 1 to 4, and its operation is identical to the

operation of the embodiment of Figs. 1 to 4.
Consequently, a detailed explanation of the oper-
ation of the embodiment presently under consid-
eration is unnecessary. ) ) .

Although I have disclosed exemplary embodi-
ments of the invention herein for purposes of
illustration, it will be understood that I do not
intend to be limited specifically thereto since var-
jous changes, modifications and substitutions
may be incorporated in the illustrative embodi-
ments disclosed without 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 cf: concentric
supply, return 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
surface and fluid produced by the well upwardly
therein to the surface; means for interconnecting
the lower ends of said tubings in fluid communi-

40

45

55

60

cation with each other and with the well; and =~

2, fluid-operated, free pump movable in the inner-
most of said tubings 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, re-
spectively, 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 con-

centric tubings. set in the well and respectively
adapted to convey operating fliid downwardly in-
to the well from the surface, spént operating
fluid upwardly in the well to the surface and fluid

65
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face, spent operating fluid upwardly in the well
to the surface and fluid produced by the well up-
wardly therein to the surface; a tubular pump
receiver at the lower end of and aligned with the
innermost of said tubings, said pump receiver
being connected to the lower ends of said tub-
ings in fluid communication therewith and being
in- fluid communication with the well; and a
fluid-operated, free pump movable in said inner-
most tubing and movable into an operating po-
sition in said pump receiver, 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 tub-
ing, respectively, when said pump is in said op-
erating position. T

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 position.

5. In a closed, fluid-operated, free-pump sys-
tem for a well, the combination of: concentric
supply, return 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
surface and fluid produced by the well upwardly
therein to the surface; a tubular pump receiver
connected to the lower ends of said tubings in
alignment with the innermost of said- tubings,
said pump receiver communicating at its upper
end with said innermost tubing and having sub-
stantially the same internal diameter as said in-
nermoest tubing, and said pump receiver having
passages which provide fluid communication be-
tween the others of said tubings and said pump
receiver and between the well and said pump re-
ceiver;-a pump seat carried by said pump receiver
at the lower end thereof and in alignment there-
with; a fluid-operated, free pump movable in
said innermost tubing and movable into an op-
erating 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 -
communicate with said supply tubing, said re-
turn tubing, the well and said production tubing,
respectively, 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: concentric
supply, return and production tubings set in the
well and respectively adapted to convey operating
fluid downwardly into the well from the surface,
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spent operating fluid upwardly in the well to the
surface and fluid produced by the well upwardly
therein to the surface; a tubular pump réeégiver
connected to the lower ends of said tubings in

alignment with the innermost of said tuolngl,. i

said pump receiver communicating at its upper
end with said innermost tubing and having sub-
stantially the same internal diameter as said in-
nermost tubing, and said pump receiver having
passages which provide fluid communication be-
tween the others of said tubings and said sump
‘receiver and between-the well and said pump re-
‘ceiver; a pump seat carried by said pump receiver
-at the lower end thereof and in alignment there-
with; 2 fluid-operated, free pump movable in said
innermost tubing and movablé 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; :sealing devices for normally preventing
direct ﬁow ‘of fluid between saud ‘tubings and the
:well by way of said pump"receiver when- said
pump is in said operating posmon a chamber in
‘said pump receiver between said pump seat and
‘said pump; and passage means prowdmg fluid
communication between said chamber and one of
said tubings other than said innermost tubing.

7. In a closed, fluid-ope rated free-pump sys-
‘tem for a well, the combmatlorv of: concentric
supply, return 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
surface and fluid produced by the well upwardly
therein to the surface; a tubular pump receiver
connected to thé lower ends of said tubings in
alignment with the innermost of said tubings,
said pump receiver communicating at its upper
end with said innermost tubing and having sub-
stantially the same internal diameter as said in-
nermost tubing, and said pump receiver having
passages which provide fluid communication be-
tween the others of said tubings and said pump
receiver and between the well and said pump re-
ceiver; a pump seat carried by said pump recsiver
at the lower end thereof and in alignment there-
with; a fluid-operated, free pump movable in
said innermost tubing and movable inio an on-

erating 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
communicate with said supply tubing, said re-
turn tubing, the well and said production tubing,
respectively, when said pump is in said operating
position; sealing devices for normally preventing
direct flow of fluid between said tubings and the
well by way of said pump receiver when said
pump is in said operating position; a chamber in
said receiver between said pump seat and said
pump; passage means providing fluid communi-
cation between said chamber and one of said
tubings other than said innermost tuking; and
another sealing device for normally preventing
flow of fluid between said passage means and said
production tubing.

8. A closed system as set forth in claim 7
wherein said other sealing device comprises an
annular ‘sealing element positionable between
said pump and said pump recéiver.

9. A closed system as set forth in claim 1
wherein said innermost tubing is said supply
tubing.
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10. ‘A closed system: as .set” forth in claim 1
wherein said .innermost tubing is. said supply
tubing and wherein the intermediate and. outer-
most tubings are said return and produf‘tlon
tubings, respectively.
© 11, A closed system as set forth in. c aim ‘1

‘wherein the outermost of said tubings is the

casmg of the well.

12. In a closed, fluid-<operated, free-pimp sys-
tem. for a well, the combination of: concentric
supply, return and production tubings set in .the
well and respectively adapted to convey operat-
ing fluid downwardly into the well from .the sur-
face, spent operating fluid upwardly in the well
to the surface .and fluid produced by the well
upwardly therein to the surface; means for in-
terconnecting the lower ends of said tubings in

fluid -communication with each other. and with
the. well; a fluid-operated,.

free pump movable
in'the innermost of said tubings into an operating

ipos;tlon at the lower end thereof, said pump hav-

ing an intake, an exhaust, an inlet and an outlet
which conimunicate with said supply tubing, said

retlirn tubing, the well and said preduction tub-
ing, respectively, when said pump is in said op-

eratirig 'position, means for preventing direct
flow of fluid between said tubings and the well
by way of said interconnecting means when said
pump is in said operating position; and passage
means communicating with said inhermost.tub-
ing ahd with one of tli€ 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

5 position through said innermost tubing to the

surface.

13: A closed system as set forth in claim 12
wherein said innermest tubing is said supply
tubing.

14, A closed system as set forth in claim 12
wherein said innermost tubing is said supply tub-
ing, and wherein the intermediate and outermost
tubings are said return and production tuhings,
respectively.

15. A closed system as set forth in claim 12
wherein said one other tubing with which said
passage means communicates is said return
tubing.

16. A closed system according to claim 12
wherein said production tubing is of larger di-
ameter than at least one of the other two tubings.

17. A closed system as defined in elaim 12
wherein said production tubing is of larger di-
ameter than either of the other two tubings.

18. In a closed. fluid-operated, free-pump sys-
tem for a well, the combination of: concentric
supply, return and production tubings set in the
well and respectively adapted to convey operat-
ing flvid downwardly into the well from the sur-
face, spent operating fluid upwardly in the well
to the surface and fluid produced by the well up-
wardly therein to the surface, said supply tubing
being the innermost of said tubings: a tubular
pump receiver at the lower end.of and aligned
with said innermest tubing, said pump receiver
being connected to the lower ends of said tubings
in fluid communication therewith and being in
fuid communication with the well; a fluid-op~
erated, free pump movable in said innermost
tubing into an operating pesition in said pump
receiver, said pump having an intake, an ex-
havst below said intake, an cutlet below said ex-
haust, and an inlet below said outlet, said intake,
said exhaust, said inlet and said outlet respec-
tively communicating with said supply tubing,
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said return. tubing, the well-and said production
tubing when said pump is in said operating po-
sition; an annular sealing element carried by
said pump intermediate said intake and said ex-
haust and engageable with said pump receiver
when said pump is in said operating position;
another annular sealing element carried by said
pump intermediate said exhaust and said outlet
.and engageable with said pump receiver when
said pump is in said operating position; and seal-
ing means providing a fluid-tight seal between
said inlet and said outlet when said pump is in
said operating position. .

19. A closed system according to claim 18 in-
cluding a passage communicating at one end with
sald 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 its operating po-
sition, said system including a sealing device for
normally preventing flow from said return to said
production tubing by way of ,;sf_aid passage when
said pump is in said operating position.

20. A closed system as set:forth in claim 19
wherein said sealing device comprises an annular
sealing element carried by said pump below said
outlet_and engageable with said pump receiver
when said pump is in said operating position.

21. In g closed, fluid-operated, free-pump sys-
tem, the combination of: a primary tubing and a
pair of secondary tubings set-in the well con-
centrically with said primary: tubing innermost,
said primary tubing being of a size fo receive a
fluid-operated, free pump and providing . for
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movement of the pump between 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 passage means providing fluid communi-
cation between one of said secondary tubings and
said primary tubing and having passage means
providing fluid communication between the other
of said secondary tubings and said primary tub-
ing; inlet means connected to said primary tub-
ing and having a passage providing fluid com-
munication between the well and said primary
tubing, said inlet means having means for pre-
venting ‘flow of fluid from said primary tubing
into the well through said passage; and sealing
means providing a fluid-tight seal between said
secondary tubings. .

- CLARENCE J. COBERLY.

REFERENCES CITED

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

' UNITED STATES PATENTS

Numbper Name Date .
1,599,601 Watts Sept. 14, 1926
1,765,457 Shutt — e June 24, 1930
1,765,921 JOY —ommmeee e June 24, 1930
2,230,787 Swain oo Feb. 4, 1941
2,230,830 Coberly oo Feb. 4, 1941
2,277,181 Zuck o Mar. 24, 1942
2,327,503 Coberly e Aug. 24, 1943
2,338,903 Coberly oo Jan. 11, 1944



