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UNITED STATES PATENT OFFICE

2,674,192

WELL PUMPING SYSTEM WITH GAS
SEPARATOR

Clarence J. Coberly, Los Angeles, Calif., assignor,
by mesne assignments, to Dresser Equipment
Company, Cleveland, Ohio, a corporation of

Ohio

Applicatien November 25; 1949, Serial No. 129,375

19 Claims. (Cl. 103—46)

The present invention relates in general to
well pumping systems and, more particularly, to
an apparatus for delivering well fiuid to the inlet
of a well pump, my present invention embodying
improvements on that disclosed in my Patent

No. 2,179,481, granted November 14, 1939 and -

entitled “Pump Inlet Means.”

Although my invention is susceptible of other
applications, it is of particular utility in the oil
industry and will be described in connection with
a well pump for pumping oil and other fiuids from
an oil well for purposes of illustration. As a
matter of convenience, the invention will be con-~
sidered in connection with a fluid-operated well
pump of the so-called “free” type, i. e., of the
type which is movable hydraulically through a
tubing set in the well between the surface and
an operating position in the well, although it will
be understood that the invention is susceptible of
application to other types of well pumps.

As is well known in the art, the well fluid to
be pumped from an oil well frequently includes
substantial quantities of gas, the latter either
being mixed with the liquid components of the
well fluid, or being in solution therein. The
amount of gas in solution under equilibrium
conditions depends on the amount of gas present
in the oil producing formation surrounding the
well and on the temperature and pressure condi-
tions obtaining in the well. Also, it is possible

for well fluid to be supersaturated with gas, i. e., °

to have more gas in solution therein than would
normally be the case for a given set of conditions.
If the pressure on the well fluid is decreased, as by
drawing the well fluid into the pump cylinder of
the well pump, or if the temperature of the well
fluid is increased, or if the well fluid is agitated,
large quantities of the gas are frequently liber-
ated and separate from the oil to form a foam or
froth. Ag is well known in the art, such free
gas has a number of detrimental effects on the
pumping system, one of these being that it re-
duces materially the volumetric efficiency of the
well pump.
the free gas, being highly compressible, tends to
cause the pump to race with the attendant possi-
bility of damage to the pump and other com-
ponents of the pump system. My aforemen-
tioned prior patent discloses a gas-liquid sep-
arator for removing at least a portion of the gas
from the liquid components of the well fluid and
a primary object of the present invention is to
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In my aforementioned prior patent is disclosed
an apparatus for delivering well fluid to the inlet
of a well pump which includes a reservoir, pas-
sage means for connecting the reservoir to the

“well in fluid communication therewith so as to

convey well fluid from the well to the reservoir,

valve means for regulating the flow of well fluid

through the passage means and pressure re-’
sponsive means for actuting the valve means in

a manner to maintain the liquid level in the

reservoir below the discharge or outlet end of

the passage means so that the well fluid entering

the reservoir by way of the passage means dis-

charges into gas. By maintaining the pressure

of the gas in the reservoir above the liquid level

therein at, or only slightly above, atmospheric

pressure, the pressure of the well fluid flowing

through the passage means is suddenly de-

creased as it discharges into the gas in the

reservoir so that any gas mixed with or in solution
in the liquid components of the well fluid is

liberated in the reservoir and is thus separated

from the liquid components of the well fluid.

The well pump is supplied with liquid from the
reservoir, which liquid contfains a substantially

reduced quantity of gas.

An important object of the present invention
is to provide a pump inlet apparatus of the fore-
going character wherein the valve means con-
trolling the flow of well fluid from the well into
the reservoir is made a part of a standing valve
assembly employed in connection with a free,
fluid-operated pump so that it may be pulled
with the standing valve assembly when repairs or

-adjustments are necessary.

Another object is to provide a pump inlet ap-
paratus wherein the valve means controlling flow
from the well to the reservoir includes a hy-
draulically balanced valve so that it may be
operated readily by the actuating means even
though the formation pressure is high.

Another important object of the invention is
to provide a pump inlet apparatus wherein the
actuating means for the balanced valve includes
a bellows which contains a liquid and a gas, the
bellows containing a volume of liquid equal to at
least one-half, and preferably in the neighbor-
hood of three-guarters of its volume. By par--
tially filling the bellows with a liquid, the bellows
is protected against damage when it is subjected
to high pressures, which may be the case if the .
pump inlet apparatus is installed in a well filled
with liguid to a point materially above the point
at which the pump inlet apparatus is installed. -

-As will be apparent, if the bellows confained only
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& gas at a pressure of, for example, twenty pounds
per square inch and were installed in a well
four thousand feet below the liquid level in the
well, then the volume of the gas inside the bel-
lows would have o be reduced to approximately
Yoo of its original volume in order to balance
the higher pressure, which would result in dam-
age to the bellows. On the other hand, if the
kellows initially contains a volume of liquid equal
to seventy-five percent of its volume and a vol-
ume of gas equal to twenty-five percent .of its
volume under the same conditions, then the total
volume of the bellows would be reduced by only
approximately one quarter of its original volume
in order to balance the higher pressure. Such
relatively slight compression of the bellows will
not result in damage thereto, which is an im-
portant feature of the invention.

Another object of the invention is to provide
a well pumping system which includes power and
production tubings for a fluid-operated pump
and wherein the passage means for conveying
well fluid from the well into the reservoir com-
prises a third tubing extending upwardly in
the reservoir beside the power and production
tubings.

A further object is to provide discharge open-
ings at the upper end of such third tubing which
are directed toward and located adjacent a wall
of the reservoir so that the gas-liquid mixture
entering the reservoir through the discharge
openings is spread into a relatively thin film over
the wall of the reservoir to insure separation of
the gas and liquid.

Still another object is to position the discharge
openings relative to the wall of the reservoir to-
ward which they are directed in such a manner
that the axes of the discharge openings make
acute angles with the reservoir wall so that the
fluiqd discharge is approximately tangential to the
reservoir wall to enhance spreading over the res-
ervoir wall and to attain essentially a cyclone
separator effect.

The foregoing objects and advantages of the
present invention, together with various other
objects and advanfages which will become ap-
parent, may be attained through the utilization
of the exemplary embodiment of the invention
which is llustrated in the accompanying draw-
ings and which is described in detail hereinafter.
Referring to the drawings:

Fig. 1 is a utility view of a well pumping sys-
tem, as installed in a well, which incorporates
the pump inlet apparatus of the invention;

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

Fig. 3 is a vertical sectional view taken along
the irregular broken line 3—3 of Fig. 2;

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

Figs. 5, 6 and 7 are transverse sectional views
respectively taken along the broken lines §—5,
6—6 and 7—T7 of Figs. 1 and 4.

Referring particularly to Fig. 1, the numeral
9 designates a casing which is set in an oil well,
a liner 1§ extending below the lower end of the
casing and being perforated to communicate with
an oil producing formation surrounding the well.
The casing 8 is provided at its upper end with a
casing head {{ from which are suspended power

and production tubings 12 and (3, the power and .

production tubings being connected at their
lower ends to a pump inlet apparatus {4 for a
well pump {5, which is shown in Fig. 3. In the
particular construction illustrated, the well pump
15 is a fluid-operated Iree pump which is movable
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through the power tubing 12 between the surface
and an operating position adjacent the lower
end of the power tubing, the pump (5 being
seated on a pump seat 6 carried by the pump
inlet apparatus {4 when the pump is in its oper-
ating position. As will be discussed in more
detail hereinafter, the power tubing 12 is adapted
to convey an operating fluid, such as oil, under
relatively high pressure downwardly to the fluid-
operated pump {5 to operate it and the produc-
tion tubing (3 is adapted to convey upwardly
to the surface fluid discharged by the pump.
The fluid-operated free pump (5 may be of any
suitable type and will not be considered in detail.

In general, the pump inlet apparatus 14 in-
cludes a housing 28 whieh, as best shown in
Figs. 1 and 3, carries a casing packer 21, the
latter engaging the inner wall of the casing § to
provide above the packer a reservoir 22 from
which well fluid is supplied through a passage
means 23 to an inlet 24 of the pump 15. As
shown in Figs. 1, 3 and 4, the reservoir 22 is
supplied with well fluid from helow the packer
2{ through a passage means 25, the latter ex-
tending upwardly in the reservoir 22 and being
provided at its upper end with a discharge means
25. The pump inlet apparatus (4 includes a
valve means 21 which regulates the flow of well
fluid into the reservoir 22 through the passage
means 25 and includes means 28 responsive to
the pressure of the well fiuid in there reservoir for
actuating the valve means 27 to maintain the
level of the liguid components of the well fluid in
the reservoir at a point below the discharge
means 2§ so that the well fluid entering the reser-
voir through the passage means 25 discharges
into gas in the reservoir. As shown in Fig. 1,
the casing 9 communicates at its upper end with
a pipe 28 through which gas may be drawn off
from the casing under the control of a valve 38
to maintain any desired pressure in the casing
and in the reservoir 22, the pressure in the reser-
voir preferably being maintained at substantial-
ly atmospheric pressure for reasons to be dis-
cussed hereinafter. '

Referring particularly to Fig. 3, the housing
23 of the pump inlet apparatus {4 is provided at
its upper end with a .counterbore 34 into which
the lower end of the power tubing {2 is threaded
and is provided adjacent the counterbore 34 with
a bore 38 into which the lower end of the produe-
tion tubing (3 is threaded, the housing being
provided with a port 38 which connects the bore
35 to the counterbore 34 so that production fluid
discharged from an outlet 37, which may com-
prise a plurality of ports, of the pump {5 may
enter the production tubing {3 to be conveyed
upwardly thereby to the surface. It will be
understood that sealing means (not shown) is
provided between the pump {5 and the power
tubing {2 above the outlet 37 to separate the
operating fluid from the production fuid, as is
well known in the art.

Communicating with the counterbore 24 in the
housing 20 is a counterbore 38 in which is dis-
posed an annular seat element 39, the latier
being seated on a shoulder 43 formed at the
junction of the counterbore 88 with a bore 4f in
the housing. Seated on the annular seat ele-
ment 39 and disposed.in the bore 41 is a stand-
ing valve assembly 42 which carries the valve
means 27 and the pressure responsive means
28, this being an important feature of the in-
vention. The pump seat {6, whieh is tapered to
receive a tapered lower end 43 of the pump {5,
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is formed in & fubular seat element 44 at the
upper end of the standing valve assembly 42, the
tubular seat element 44 having a tapered external
surface which seats on a complementarily tapered
surface of the annular seat element 39. The
interior of the tubular seat éelement 44 com-
municates with the inlet 24 of the pump 15 and
has threaded onto its lower end a tube 45 which
forms part of the passage means 23 for delivering
fluid from the reservoir 22 to the pump inlet
24. As shown in Fig. 4, disposed within the
lower end of the tube 45 is a standing valve 48
comprising a ball check valve 49 which is adapted
to seat on an annular seat element 59 to prevent
flow through the passage means 25 back into
the reservoir 22. The annular seat element 50
is retained by being clamped between the upper
end-of a tubular housing 51 of the valve means
21 and the pressure responsive means 28 and a
shoulder 52 in the tube 45. Upward movement
of the ball check valve 49 is limited by a cage
§3 which is disposed in the tube 45 above the an-
nular seat element 50. The cage 53 is also a

permanent magnet which holds the ball check’

valve 49 off its seat when the pump is in opera-
tion, the valve 49 seating only when the pump
is stopped so that a back flow of fluid occurs
to pull the valve away from the magnet and
seat it. Thereafter, the ball check valve 49 is
held seated by fluid pressure until such time as
the fluid pressure thereabove is again reduced
by the pump.

As shown in Fig. 4, the bore 41 in the housing
20 communicates at its lower end with a counter-
bore 58 therein in which is pressed or otherwise
secured, a liner 59, the tubular housing 81 carry-
ing three annular sealing elements, such as O-
rings 60, 61 and 62 which make fluid-tight seals
between the tubular housing 5§ and the liner 59.
The external diameter of the tubular housing
51 is reduced between the sealing elements 60 and
61 and between the sealing elements 61 and
62 to provide annular spaces 63 and 64, respec-
tively. The annular space 63 forms part of the
passage means 25 for conveying fluid from the
reservoir 22 to the pump inlet 24 and communi-
cates with the interior of the tubular housing
51 through one or more ports 65 adjacent the
sealing element 60 and one or more poris 66
adjacent the sealing element 61.
from the interior of the tubular housing 51 be-
tween arms 67 of an element 68 of the pressure
responsive means 28 and through the annular
seat element 50 into the tube 45 leading to the
pump inlet 24. The annular space 63 communi-
cates adjacent its lower end through ports 69
in the liner 59 with an internal annular groove

Fluid may flow x
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as best shown in Fig. 6, the internal annular
groove 10 communicates through radial ports Ti
in the housing 20 with the reservoir 22. Thus,
the passage means 23 for conveying fluid from
the reservoir 22 to the inlet 24 of the pump 15
includes the ports 71, the infernal annular groove

70, the ports 69, the annular space 63, the ports-

65 and 66 in the tubular housing 51, the interior
of the tubular housing 51, the spaces between
the arms 671 of the element 68 of the pressure
responsive means 28, the annular seat element
50, the tube 45 and the tubular seat element 44.
The magnetic cage 53 for the ball check valve
48 is, of course, of open construction so that fluid
may flow therethrough.

_Referring to Fig. 1, the liner 10 is provided
ab its upper end with an annular seat 16 for the
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packer 21, the packer being carried by a tubular
shell 1T having a portion which, as best shown
in Fig. 4, is threaded onto the lower end of the
housing 20 of the pump inlet apparatus 4. This
packer arrangement, which is generally similar .
to that shown in my aforementioned prior pat-
ent, is merely illustrative and any suitable type
of packer arrangement may be substituted there-
for. Threaded into or otherwise connected to
the tubular shell 11 is an inlet tubing 18 extend-
ing to the bottom of the well and having a per-
forated lower section 19 through which well fluid
from the interior of the liner {0 may enter the
interior of the inlet tubing, the latter forming
part of the passage means 25. As is conven-
tional, the inlet tubing 18 acts as a gas-lift flow
tubing through which the well fluid may be lifted
substantial distances with relatively low forma-
tion pressures.

As shown in Pig. 4, the well fluid flowing
through the inlet tubing 78 enters the counter-.
bere 58 at the lower end of the housing 20 and
flows upwardly therein through the valve means
21, as will be discussed hereinafter, into an in-
ternal annular groove 82 in the housing 20, the
latter communicating through a port 83 with a
longitudinal passage 84 in the housing. As
shown in Fig. 3, threaded into the upper end of
the passage 84 is a third tubing 85 which is posi-
tioned side by side with the power and produc-
tion tubings 12 and 13, which is a feature of the
invention. The third tubing 85 extends upwardly .
a substantial distance in the reservoir 22 and
terminates at ifs upper end in the discharge
means 286, the latter comprising an elongated cap
886 which is threaded onto the upper end of the
third tubing. The cap 86 is provided with a row
of discharge openings 87 therein through which
well fluid from the passage means 25 may enter
the reservoir. The cap 86 is positioned in close
proximity to the casing 9, which forms one wall
of the reservoir 22, with the discharge openings
81 therein directed toward the casing so that the
well fluid entering the reservoir is spread over
the casing in a thin film to promote better gas
separation, as will be discussed in more detail
hereinafter. Preferably, the axes of the dis-
charge openings 87 are inclined with respect to
the casing 9 so that the well fluid discharged
therethrough impinges on the casing tangentially
to attain some cyclone separator effect and an
even film of well fluid over the entire inner sur-
face of the casing between the discharge means
26 and the fluid level in the reservoir 22. In
view of the foregoing description, it will be noted
that the passage means 25 for conveying well
fluid from the well to the reservoir 22 comprises
the inlet ftubing 78, the counterbore 58 at the
lower end of the housing 20, the internal annular
groove 82 in the housing 29, the lateral port 83,
the longitudinal passage 84, the third tubing 85,
the cap 86 and the discharge openings 87 in the
cap. The well fluid flows from the counterbore
58 into the internal annular groove 82 in the
housing 28 under the control of the valve means
27 by way of ports 99 in the tubular housing 51,
the annular space 84, and ports 9! in the liner 59,
the annular space 64 and the ports 28 and 91
also forming part of the passage means 25.

Referring to Tig. 4, the valve means 27 for
controlling the flow of well fluid through the
Dassage means 25 comprises a valve body which
includes an upper valve bedy element 9§ disposed
in the tubular housing 5{, the upper valve body
element having a shoulder 97 which seats against.
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ashoulder 98 in the fubular -housing 5{ to limit
insertion of the upper valve body element into
the tubular housing. Rotation of the upper valve
body element 56 is prevented by.a pin §9 carried
by .the tubular housing §f and exitending into.a
notch {8¢ in the upper valve body element.

‘Seated against the lowsr end of the upper valve
body element 98 is an annular seat element {82
for a valve 183 which is reciprocable.in a bore 184
in a lower valve body clement {3§, the latter
being threaded into the lower end of the tubular
housing ‘5{ and engaging the annular seat ele-
ment. 182 to clamp the annular seat element
between the upper end of the lower valve body
element {05 and the lower end of the upper
valve body element 88. The lower valve body
element 185 is provided with a counterbore {08
therein which provides an annular space around
the valve {83, this annular space communicating
through ports 107 with the counterbore 58 in the
lower .end of the housing 20 so that well fluid
may enter the counterbore {86 from the counter-
bore 58 through the ports 187. The well fluid
flows from the counterbore 186 through the an-
nular seat element i82 at a rate determined by
the position of the valve {82 relative o the
annular seat element, and enters a counterhore
11§ in the upper valve body element 95. From
the counterbore 1i8, the well fluid fows through
ports §if inio an annular space {12 between the
upper valve body element 88 and the tubular
housing 5f. The annular space {12 communi-
cates with the ports 88 in the tubular housing
51 and is sealed at its upper end by an annular
sealing element {{3 between the upper valve body
element 9§ and the tubular housing, the annular
space {12 being sealed at its lower end by the
threaded connection between the tubular housing
51 and the lower valve body element {85.

The valve 1283 is provided with a passage {18
therethrough so that the fluid pressures applied
to opposite ends thereof are substantially equal-
ized, thereby substantially hydraulically balanc-
ing the valve. This is an important feature of
the invention since it permits the pressure re-
sponsive means 28 to actuate the valve with the
same effectiveness for any formation pressure,
i. e., for any pressure of the well fiuid flowing
through the passage means 25. The valve 163 is
provided with a bore {7 in its lower end in which
is disposed a compression spring {18, the latter
being seated at one end on the inner end of the
bore 117 and at its other end on the inner end of
the bore {84 in the lower valve body element §85.
Tt will he noted that the compression spring 118
biases the valve 183 toward its closed position
wherein it is seated on the annular seat element
102.

The force applied to the valve {623 by the com-
pression spring {18 is opposed by the pressure
responsive means 28 through a rod {8 which
engages the upper end of the valve, the rod {9
being reciprocable in a bore #2§ through the
upper valve body element 88. The rod {19 is
connected at its upper end to a lower head (23
of g bellows 1288 having an upper head {25 which
is threaded into a bore {285 in the element 63 of
the pressure responsive means 28. It will be
noted that the compression spring [i8 acts
through the valve 103, the rod {i{% and the bel-
lows 124 to hold the element 88 seated against the
lower face of the annular seat element 53 of the
standing valve 48. The bellows 124 is enclosed
by a sleeve 127 having an inturned upper end 128
which is seated on and may be suitably secured
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to an externsl shoulder 129 on the upper head
125. The lower end of the sleeve 127 is also in-
turned at 138 to engage the lower face of the
lower head (23, thersby limiting expansion of
the bellows 124. The lower head 23 of the bel-
lows {24 is reciprocable in the gleeve 121 and the
lower face thereof is exposed to the fluid pres-
sure surrounding the bellows, which is substan-
tially the fluid pressure obtaining adjacent the
lower end of the regervoir 22, so that the bellows
is responsive to tha fluid pressure obtaining in
the reservoir. As will be apparent, if the fuid
pressure at the lower end of the reservoir 22
varies from a predetermined value, which corre-
sponds Yo a predetermined head of the liguid
components of the well fluid in the reservoir, the
bellows responds to move the valve {53 relative
to the annular seat-element {82 to vary the rate
of flow of well fluid through the passage means
25 into the reservoir. As will be apparent, if the
level of the liquid components of ‘the well fAuid
increases ‘akove a predeisrmined value, the bel-
lows {24 confracts to permit the valve {63 to
move toward its closed position, thereby decreas-
ing the rale of flow of well fluid into the reser-
voir to prevent a-further increase in the level
therein. The reverse is true when the level falls
below the predeterminad value. Thus, the bel-
lows {24 serves to maintain the level in the reser-
voir substantially constant at the predetermined
value,

As shown in Fig. 4, the bellows 124 is adapted
to be filled through a pessage {3f in the upper
hesad 125 and a tube {22 which communicates at
its upper end with the lswer end of the passage
131 and which extends downwardly into the bel-
lows a predeterinined distance, the upper end of
_the tube 132 being pressed into a bore in the upper
nead 125. The upper end of the ‘bassage 134
serves as a seat for a needle valve (33 which 4is
threaded into a bore in the upper end of the upper
head 125 and serves to seal the beliows.

For a reason to be explained in discussing -the
operation of the preseni invention, the bellows
contains both a liguid 134 and a gas 35, the vol- |
ume of liguiq {34 being at least one-half and
preferably three-quarters of the normal volume
of the bellows, the remainder of the normal vol-
ume of the bellows being equal to -the velume of
the gas {35 when the exterior of the bellows is
exposed to atmospheric pressure. It will be noted
that the tube {32 limits the amount of liquid that
may be introduced into the bellows 124 so that
the proper amount of liguid may be introduced

readily, which is a feature. It will be understood

that in introducing the liquid -into the bellows
124, the bellows cannot be filied with liquid to a
level much above the lower end cof the tube 132,

Considering the operstion of the present in-
vention, it will be assumed that the power and
broduction tubings 2 and {3 have been set in
the well with the housing 28 connected to the
lower ends thereof, the various components of the
installation which are rigidly connected to the
housing 20, e. g., the packer 21, ete., being at-
tached thereto prior fo setting the tubings in the -
well. Subsequently, the standing valve assem-
bly 42, which carries the standing valve 48, the
valve ineans 27 and the pressure responsive
means 28 is either dropped or lewered through
the power tubing {2 and seafs on the annular
seat element 38.

As is frequently the.case, the well fluid level
‘in the casing 9 may be several thousand feetf :
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above the pump inlet apparatus 14 at the time the
standing valve assembly 42 is run in in the fore-
gsoing manner. If the bellows {24 of the pressure
responsive means 28 carried by the standing valve
assembly were entirely filled with air at a pres-
sure of, for example, twenty pounds per square
inch initially and if it were submerged in, for
example, four thousand feet of well fiuid after
being run in into its operating position, the bel-
‘lows would be compressed to a volume equal to
approximately only Yoo of its initial volume,
which would obviously result in damage to the
‘bellows. On the other hand, assuming that the
bellows 124 is initially filled with seventy-five
percent liquid and twenty-five percent air under
the same conditions and is then run into the well
under the same conditions, the bellows is com-
pressed by a factor of only approximately one-
quarter of its original volume. This is a reason-~
able amount and will not result in damage. Con-
sequently, my invention provides a pressure re-
ponsive means which may be run into the well
without any possibility of damage from a high
external pressure, which is an important feature.

After the standing valve assembly 42, carry-
ing the valve means 27 and the pressure respon-
sive means 28, has been run in in the foregoing
manner and is disposed in its operating position,
the fluid-operated, free pump (5 is then moved
hydraulically, or otherwise, through the power
tubing {2 into its operating position wherein it
is seated on the pump seat 16 provided by the
standing valve assembly, any fiuid in the power
tubing below the pump being displaced upward-
ly through the production tubing 18 because of
the fact that the standing valve 48 prevents re-
verse flow through the passage means 23 lead-
ing to the reservoir 22.

Operating fluid under pressure from a sult-
able source from the surface may then be. de-
livered to the fluid-operated pump 15 through
the power tubing 12 to operate the pump, where-
upon the pump draws fluid from the reservoir
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such fluid into the production tubing {3 as pro-
duction fluid, the production tubing conveying
the production fluid upwardly to the surface. If
the fluid in the reservoir 22 is initially substan-
tially above the predetermined point for which
the pressure responsive means 28 is set, the bel-
lows 124 is compressed to such an extent that
the spring 118 closes the valve 103 to prevent
any flow of well fluid from the well into the res-
ervoir 22 until such time as the level in the res-
ervoir is reduced to the predetermined value.
Thereafter, the pressure responsive means 28
maintains the valve 103 in sueh a position that
the level in the reservoir is maintained at the
desired value.

Preferably, the pressure responsive means 28
cooperates with the valve means 27 to maintain
the level in the reservoir 22 a substantial dis-
tance below the discharge means 26 so that the
well fluid entering the reservoir through the pas-
sage means discharges into gas, rather than lig-
uid. The well fluid entering the reservoir is dis-
charged against the casing 9 by the discharge
means 26 in the manner hereinbefore indicated
50 as to spread the well fluid over the casing in
a thin film which drains downwardly into the
body of liquid in the reservoir. This action re-
sults in separation of a substantial quantity of
the gas in the well fluid from the liquid com-
ponents thereof so that the gas does not inter-
fere with the operation of the pump (5. As
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previously discussed, the discharge means 26
preferably discharges the well fluid against the
casing 9 tangentially to atfain essentially a
cyclone separator effect, therepby insuring bet-
ter gas separation. The distance that the lig-
uid level is maintained below the discharge means
26 by the pressure responsive means 28 and the
valve means 27 depends upon the degree of sep-
aration desired, which distance probably should
not be less than approximately ten feet and
might be as much as 100 feet. )

It will be understood that the gas pressure in
the reservoir 22 above the liquid level therein is
desirably maintained at substantially atmos-
pheric pressure by drawing gas off from the cas-
ing 9 through the pipe 29. Thus, when the well
fluid discharges into the reservoir 22, the pres-
sure thereon has been suddenly reduced- at the
valve 163 and the gas in solution in the liguid
has been liberated therefrom with turbulence
so that the amount of gas in the oil is greatly
decreased and corresponds approximately to
equilibrium conditions at the temperature and
pressure in the reservoir.

It is desirable that the liquid level in the res-
ervoir 22 be maintained a substantial distance
above the inlet 24 of the pump {5 so that the
fluid entering the pump is subjected to a sub-
stantial pressure. Consequently, the fluid en-
tering the pump is less than saturated and this
tends to prevent or at least minimize liberation
of gas in the pump, thereby maintaining a high
pumping efficiency.

In order to remove the pump {8 from the well,
it is merely necessary to reverse the flow of op-
erating fluid through the system, i. e., to direct
the flow of operating fluid downwardly through
the production tubing {3, instead of the power
tubing 12, by means of a suitable valve mecha-
nism (not shown) on the surface. The operat-
ing fluid directed downwardly through the pro-
duction tubing 13 in this manner enters the pow-
er tubing (2 below the pump {5 and acts on an’
annular area 136 at the lower end of the pump
to unseat the pump, the operating filuid pressure
thereafter acting on the entire cross-sectional
area of the pump to move the pump upwardly
through the power tubing 12 to the surface. AS
will be apparent, the standing valve 48 closes

. under such conditions to prevent reverse flow

through the passage means 23 leading from the
reservoir 22.

After the pump {5 has been removed, if it is
desired to remove the standing valve assembly
42 from the well for any reason, such as to serv-
ice or repair the standing valve 48, the valve
means 21, or the pressure responsive means 28,
this may be accomplished readily by lowering
a suitable tool into the power tubing {2 on the
end of a wire line to engage the standing valve
assembly. Thereafter, the standing valve as-
sembly may be pulled upwardly through the pow—
er tubing 12 to the surface.

Referring to Fig. 4, the housing 28 of the pump
inlet apparatus 14 is provided with a by-pass
passage (40 which communicates at its lower
end with the well through the casing packer 21
and which communicates at its upper end with
an annular space {41 between the bore 41 and
the standing valve assembly 42. The standing
valve assembly is provided with a frangible drain
plug- 142 which is adapted to connect the an-
nular space {41 to the interior of the tube 45.
The drain plug 142, which is customarily termed
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a “knockout plug,” is hollow so-that it conneets
the-space 141 and the tube 45 when the inner
end thereof is broken off, as by dropping a knock-
out bar through the power tubing {2. The pur-
pose of this arrangement is to provide a way of
draining the tubings {2 and 13 to balance the
bressure on the standing valve assembly so that
it may be readily pulled with a wire line.

Although T have- disclosed an exemplary em-
bodiment of my invention for purposes of illus-
tration, it will be understood that I do not in-
tend: to be limited specifically thereto since vari-
ous-changes, modifications and substitutions may
be incorporated in such embodiment without de-
parting from the spirit of the invention.

I claim as-my invention:

1. In: a device of the character described, the
combination of: a reservoir for well fluid from a
well adapted to produce liquid and gas; passage
means: having an upper end for eonnecting said
-reservoir to the well in fluid communication
therewith so- as to convey well fluid from the
well to.said reservoir; valve means in said pas-
sage means and including a valve for regulating
flow of well fluid: through said passage means,
said valve having oppositely facing, substantially
equal areas; a passage connecting said areas to
sources.of substantially equal fluid pressures so as
to substantialiy hydraulically balance said valve;
and means responsive to variations in the amount
of liquid in. said reservoir and operatively con-
nected to-said valve means for maintaining the
liquid level in said reservoir below the upper end
of said.passage means.

2. In. a- device of the character described, the
combination of: a reservoir for well fluid from
a well adapted to produce liquid and gas; pas-
sSage means having an upper end for connecting
said reservoir to the well in Auid communication
therewith so as to-convey well flnid from the well
to. said. reservoir; valve means in said passage
means and including a reciprocable valve having
ends .of substantially equal areas for regulating
flow of well fluid through said passage means;
means.for exposing the ends of said valve to sub-
stantially equal fluid pressures so as to substan-~
tially hydraulically balance said valve; and
means. responsive to variations in the pressure
of the well fluid in said reservoir and operatively
connected. to said valve means. far maintaining
the liquid level in said reservoir below the upper
end of said passage means.

3. In a device of the characier. described, the
combination of: a reservoir for well fluid from a
well; passage means for connecting said reser-
voir- to the well in fluid communication there-
with so as to convey well' fiuid from the well to
said reservoir; valve means in said passage means
for regulating flow of well Huid through said
bassage means; means: including a bellows for
actuating said valve means, said pellows contain-
ing a liquid and a gas: and means for exposing
the exterior of said bellows to the pressure of
the well fluid in said reservoir:

4. In a device of the character deseribed, the
combination of: a reservoir for well fluid from
a well; passage means for connecting said reser-
voir to the well in fluid communication therewith
50.as to convey well fluid. from the well to said
reservoir; valve means. in said passage means for
regulating flow of well fluid through said pas-
Sage means; means. including. a bellows for ac-
tuating said valve means, said bellows contain-
ing a. volume of liquid equal to: ab least. one-half
the. volume thereof, the balance of said bellows
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containing a.gas; and means for exposing: the ex-
terior of said bellows to the pressure of the
well fluid in said reservoir.

5. In an apparatus for delivering well fluid to
the inlet of a well pump, the combination of: g
reservoir for well fluid from a well; passage means
for connecting said reservoir to the well in fluid
communication therewith so as to convey well
fluid from the well to said reservoir; a first seat;
pump inlet means adapted to seat on said first
seat and providing a second seat for the inlet
of the well pump; another passage means. con-
necting said reservoir to said second seat so as
to convey well fluid from said reservoir to the
inlet of the well pump; and means carried- by
said pump inlet means for regulating flow of well
fluid through said passage means into said reser-
voir in accordance with variations in the amount
of well fluid in said reservoir.

6. In an apparatus for delivering well fluid to
the inlet of a well pump, the combination of: a
reservoir for well fluid from a well; a3 chamber
providing a. first seat; first passage means com-
municating intermediate its ends with said

chamber for connecting said reservoir in fluyid

communication with the well so as to convey well
fluid from the well to said reservoir; pump inlet
means insertable into said chamber and seatable
on said first. seat, said pump inlet means pro-
viding a second seat for a well pump; second
bassage means communicating at one end with
sald reservoir and adapted to communicate at its
other end with the inlet of a well pump seated
on said second seat for conveying well fuid. from
said reservoir to the inlet of the well pump; valve
means carried by said pump inlet means for regu-
lating flow of well fluid through said first pas-
sage means into said reservoir; and pressure re-
sponsive means carried by said pump-inlet means
and’ actuable in response to variations in the
amount of well fluid in said reservoir for actuat-
ing said valve means.

7. In an apparatus for delivering well fluid to
the inlet of a well pump, the combination of: a
reservoir for well Auid from a well; 2 chamber
providing & first seab; first passage means. com-
municating intermediate its ends with said
chamber for connecting said. reservoir in fluid
communication with the well so as to convey well
fluid from the well to said reservoir; pump- inlet
means insertable into said chamber and seatable
on said first seat, said pump inlet means pro-
viding. a second seat for a well pump; second
bassage means communicating at. one end with
said reservoir and adapted to communicate at
its other end with the inlet of a well pump seated
on said second seat for conveying well fluid from
said reservoir to the inlet of the well pump, said
second passage means traversing said pump in-
let means; valve means carried by said pump in-
let means for regulating flow of well fluid
through said first passage means into said reser-
voir; and pressure responsive means carried by
said pump inlet means and exposed to. the pres-
sure of well fluid flowing through said second
bassage means for actuating said valve means in
response to variations in the pressure of well
fluid flowing through said second passage means;

8. In an apparatus for delivering well fluid to
the inlet of & well pump; the combination of:
a reservoir-for well fluid from a well; a chamber
providing a first seat; first passage means com-
municating intermediate its ends with said cham-
ber for connecting said- reservoir in fAuid com-
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munieation with the well so as to convey well
fluid from the well to said reservoir; pump inlet
means insertable into said chamber and seatable
on said first seat, said pump inlet means pro-
viding a second seat for a well pump; second
passage means communicating at one end with
said reservoir and adapted to communicate at
its other end with the inlet of a well pump seated
on said second seat for conveying well fluid from
said reservoir to the inlet of the well pump, said
second passage means traversing said pump inlet
means; valve means carried by said pump inlet
means for regulating flow of well fluid through
said first passage means into said reservoir; pres-
sure responsive means carried by said pump in-
let means and exposed to the pressure of well
fluid flowing through said second passage means
for actuating said valve means in response to
variations in the pressure of well fluid flowing
through said second passage means; and check
valve means carried by said pump inlet means for
preventing flow through said second passage
means into said reservoir.

9. In an apparatus for delivering well fluid to
the inlet of a well pump, the combination of:
a reservoir for well fluid from a well; a chamber
providing a first seat; first passage means com-
municating intermediate its ends with said cham-
ber for connecting said reservoir in fiuid com-
munication with the well so as to convey well
fluid from the well to said reservoir; pump inlet
means insertable into said chamber and seatable
on said first seat, said pump inlet means provid-
ing a second seat for a well pump; second pas-
sage means communicating at one end with said
reservoir and adapted to communicate at its
other end with the inlet of a well pump seated
on said second seat for conveying well fluid from
said reservoir to the inlet of the well pump, said
second passage means traversing said pumyp inlet
means; valve means carried by said pump inlet
means for regulating flow of well fluid through
said first passage means into said reservoir; pres-
sure responsive means carried by said pump inlet
means and exposed to the pressure of well fluid
flowing through said second passage means for
actuating said valve means in response to varia-~
tions in the pressure of well fluid flowing through
said second passage means; check valve means
carried by said pump inlet means for preventing
flow through said second passage means into said
reservoir; a pair of tubings extending downward-
ly into the well and secured at their lower ends
relative to said first seat with one of said tubings
substantially aligned with said first seat, said
pump inlet means being movable through said
one tubing to seat on said first seat; a fluid-
operated well pump movable through said one
tubing to seat on said second seat, said well pump
having an inlet communicating with said other
eund of said second passage means when said well
pump is seated on said second seat, and having
an outlet; and third passage means for connect-
ing said outlet to the other of said tubings when
said well pump is seated on said second seat.

10. In a pump inlet device, the combination of:
a, reservoir; a pump inlet body having first and
second passages therethrough, said first passage
having an outlet end connécted to said reservoir
and said second passage having an inlet end
connected to said reservoir, said second passage
having an upper, ouflet end and having at its
outlet end a seat for a lower, inlet end of a
pump; valve means carried by said body for regu~-
lating flow through said first passage; said pres-
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sure responsive means carried by said body and
exposed to fluid pressure in said second passage
for actuating said valve means.

11. In a pump inlet device, the combination
of: a pump inlet hody having first and second
passages therethrough, said second passage hav-
ing an upper, outlet end and having at its outlet
end a seat for a lower, inlet end of a pump;
reservoir means for connecting said passages in

‘series; valve means carried by said body for

regulating flow through said first passage; and
pressure respounsive means carried by said body
and expoesed to fuid pressure in said second pas-
sage for actuating said valve means, said pres-
sure responsive means including a bellows con-
taining g liguid and a gas and having its exterior
exposed to fluid pressure in said second passage.

12. In a pump inlet device, the combination of:
a pump inlet body having first and second pas-
sages therethrough, said second passage having
an upper, outlet end and having at its outlet
end a seat for a lower, inlet end of a pump;
valve means carried by said body for regulating
flow through said first passage; pressure respon-
sive means carried by said body and exposed to
fluid pressure in said second passage for actuat-
ing said valve means; and check valve means
carried by said body for preventing flow in cne
direction through said second passage.

13. In a pump inlet device, the combination of:
a pump inlet body having first and second pas-
sages therethrough connected by a reservoir;
valve means carried by said body for regulating
flow through said first passage; pressure respon-
sive means carried by said body and exposed to
fluid pressure in said second passage for actuat-
ing said valve means; and a pump seat encom-
passing one end of said second passage.

14. A pump inlet device, comprising: first and
second passages; reservoir means for connecting
said passages in series; valve means for regulat-
ing flow through said first passage; and pressure
responsive means for actuating said valve means,
said pressure responsive means including a bel-
lows containing a liquid and a gas and having
its exterior exposed to fluid pressure in said
second passage.

15. In a fluid-operated well pumping system,
the combination of: power and production tub-
ings set in a well; a reserveir enclosing the lower
ends of said tubings; passage means communi-
cating at one end with the well and at its other
end with said reservoir for conveying well fluid
from the well to said reservoir, said passage means
ineluding a third fubing in said reservoir beside
said power and production tubings; a fluid-op-
erated pump actuable by an operating fluid under
pressure deliversd thereic through said power
tubing, said pump having an inlet communicat-
ing with said reservoir and an outlet communicat-
ing with said production tubing; and means for
regulating flow of well fluid through said passage
means into said reservoir in accordance with
variations in the amount of well fluid in said
reservoir,

16. In a device of the character described, the
combination of: a reservoir for well fluid from a
well; and passage means for connecting said
reservoir in fluid communication with the well to
convey well fluid from the well to said reservoir,
said passage means communicating with said
reservoir in a zone above the bottom of said
reservoir through discharge openings in said pas-

75 sage means, said discharge openings being dis-
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‘posed adjacent and being directed toward.a wall References Cited in the file of this patent
of said reservoir and the axes of said discharge UNITED STATES PATENTS

cpenings making acute angles with said wall so

that the well fluid impinges substantially an- Number Name Date
sentially on said wall o E ¥ 5 495074 Valletal ... Apr. 11, 1893
17. A pump inlet device according to claim 12 497,205  Action _____._______ May 16, 1893
including means for biasing said check valve 515,703  Birkeny _____.______. Feh. 27, 1894
means open. 1,195,253 Nashlund __________ Aug. 22, 1916
18. A pump inlet device according to claim 12 2,179,481 Coberly ____________ Nov. 14, 1939
including magnetic means for biasing said check 19 2-338,903  Coberly ____________ Jan. 11, 1944
valve means open. 2,347,768  Crites oo _ May 2, 1944
19. A pump inlet device according to claim 8 2,446,680 Walton Aug. 10, 1943
including means for biasing said check valve 2,489,665  OLeary ____.______ Nov. 29, 1949

means open. 2.597,198 Staggsetal. ______.__ May 20, 1952



