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- the conventional manner and may extend down-

12 Claims.

This invention relates to improvements in the
separation of liquid and gas mixtures and specifi-
cally to the separation of oil and .gas within a
pumping . -oil. well’ by: means known as a “gas
anchor.”

The primary. obJect of thls mventxon is to pro-

vide a method and apparatus-for increasing the
volumetric efficiencyof an oil well pump by ef-
fecting. separation. of a substantial proportion of
. -the: dispersed and dissolved gases from the oil

. - ducing zone- {1.-

i

flowing into the well bore before it reaches the

pump-cylinder. . Another object of the invention
“is-to-provide an improved device which will ef-
fectively separate oil and gas; and which can be
readily attached to the inlet of the conventional
“well pump cylinder located and supported by the
tubing at or near the bottom of the well. An-

other object of the invention is to provide means ‘

for agitating the produced oil containing dis-
solved gas, prior to its entrance into- the pump
cylinder: whereby equilibrium is promoted and

gas Is caused rapidly to come out of solution and"

2(

be separated from the oil prior to .the entrance

of the oil into the pump cylinder.

. With these objects in view this invention re-
sides broadly in a method. and apparatus for ef-
fecting agitation of the produced gas-coritaining
oil at the bottom of a pumping well whereby gas

is separated therefrom: prior: to its entrance into
" the pump cylinder -and ‘whereby the volumetric
efficiericy of the pump is increased.  The inven-
tion more specifically resides in means for apply-
ing centrifugal force and agitation to the oil “in
a pumping Wwell' whereby gas is separated from

the oil prior to its entrance into the pump eylin-

‘der. These and other objects and features.of
novelty will' become evident hereinafter.

In the drawing which illustrates a preferred
" embodiment of-the invention and in which nu-
merals of like character designate similar parts
throughout the several views,
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ward into the well to a point adjacent the pro-
At the lower end of the tubing
is attached a pump barrel 1§ in which a pump
plunger 16 is operated by means. of suitable
sucker rods 1T extending to the top of the well
and-reciprocated by means of the walking beam
18. - The pump carries a traveling valve 20 and

-a standing valve 21 in the plunger and at the

lower end of the pump barrel respectively.

Extending from the lower end of the pump and
coupled to the pump inlet connection is a cylin-
drical casing 22 forming 4 gas separating cham-
ber and containing a rotor. 23 axially positioned -
therein. The rotor comprises a shaft carrying a
number of radially positioned vanes 25 and ro-
tatably mounted upon bearings 26 and 27 at the
upper and lower ends respectively.

‘The lower end of the rotor shaft 24 extends
through a stuffing box 30 to a fluid pressure
operated motor of the conventicnal positive dis-
placement gear type 3i{. The motor is suitably
housed in a unit under the shaft bearing 27 and
the stuffing box 30 and is coupled to and forms
the bottom end closure of the cylindrical casing
22. Fluid under pressure is supplied to the motor

“through inlet pipe 33 and is dlscharged therefrom

through outlet 34.

- The cylindrical casing 22 is Drovxded near the
lower end with a plurality of openings 36 through
which Jiquid can pass from the surrounding
space in the casing into the space within . cylin-
drical casing 22" At the upper end of the casing
22 and downwardly ‘extending from the rotor
bearing 26 is a short concentrically disposed
sleeve forming an inner annular space- 37 and a
concentric outer annular space 38. The inner
annular space 37 is vented to the outside of the .
gas separating chamber through a port 39 and

- the outer annular space 38 is connected to the

. Fig.'1 is a partial sectional elevation of the -

“gas -anchor” separator mechanism in place in

the well together with a partial sectional view of , -

the pump to which it is attached..

Fig. 2 is a cross-section taken at 2—2 of Fig. 1
- Pig: 3 shows:a.general arrangement of the ap-

paratus -of Fig. 1. ag it relates to- the typical
pumping oil ‘well..

Referring to the drawmg, 10 is an oil string or
" casing tarrying -a perforated section. {1 opposite
the producing sands 12 and connected at the top

of the iwell to a Casing head 13 all in the conven-

tional manner. “The oil tubing 4 is also sus-

pended in the well from the casing head I3 in
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suction inlet of the pump through the standing
valve 21 by means of passages 40 and 41,

The fluid preésure pipe 33 leading to the motor
31 ‘makes connection with the tubing 14 at a
point 45 above .the pump barrel whereby it is
maintained under the static pressure of the fluid
column therein. A screen 46.is provided at the
entrance of the pipe 33 where it connects with
the tubing to exclude particles of sand or dirt,
which may be entrained in the liquid prodiiced’
from reaching the fluid,operated motor. A valve .
47 is provided in the pipe 33 to control the Dres-
sure of the fluid supplied to the motor 31.

-The ‘operation of the apparatus of the inven-
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. tion, for example, as applied to a pumping oil
well is as follows:

Oil under the force of gravity or by the residual
expulsive force of gas or water flows from the
surrounding formation 12 through the perforated
casing (I and accumulates in sufficient quantity
within the casing to flow into the separator shell
22 through the openings 36. The oil under the

5
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a substantial amount of itg dissolved and en-
trained gas. The oil reaching the pump cylinder
is therefore considerably more gas-free than the
oil initially entering the separating chamber and
the pump is thereby enabled to operate at a sub-

) stantially increased volumetric efficlency. Pound-

pressure of .the head accumulated in the ecasing -

continues in its-flow upward in the separator
shell 22 through the outer annular space 38,
passages 40 and 41 and finally through the stand-
ing valve 21 into the pump cylinder. The oil
thus reaching the pump cylinder is lifted to the
surface of the well throvgh the tubing (4 by
means of the pump plunger i6 and its associate
apparatus in the conventional manner.

Under normal operating conditions and while
the pump is operating a column of, oil is main-
tained above the pump plunger 20 which extends
to the top of the well and flows under the force
of said pump to production through pipe 48.
_The oil pressure in the tubing near the bottom
of the well at the point 45 is thus under a high
pressure which is dependent upon the depth of
the well, the density of the fluid and the back
pressure upon the delivery line, At this point
in the oil well above the pump the pressure pipe

- 33 makes a connection with the tubing 14 and
oil under pressure in the tubing is allowed to flow
through the screen 46, throttle valve 47 and

~ through the pipe 33 into the inlet of the fluid
operated motor 31. The oil which is thus sup-
plied to the motor 3! is exhausted through the
outlet 34. The pressure available for operating
the said motor 31 is differential between the tub-
ing pressure at 45 and the bottom hole pressure
at the level of the mctor outlet port 34 and this
differential pressure in the case of a low pressure
formation and a moderately deep well may range
from one thousand to three thousand pounds per
square inch. The differential pressure actually
applied to motor 31 may be adjusted as by means
of the throttle valve 47 prior to the lowering of
the apparatus into the well. Under average op-
erating conditions, the motor 31 and the rotor 23
carrying the radial vanes 25 are operated at a
speed ranging between one thousand and three
thousand revolutions per minute. The oil con-
taining dissolved and entrained gas which fills
the separator shell 22 as hereinbefore described
is thus imparted a rapid rotational movement as
it passes upward toward the pump -cylinder.
Under the effect of the agitation and the cen-
trifugal force imparted to the oil by its rotation
a substantial amount of the .dissolved gas is
caused to be released from solution and the thus
released and entrained gas under the influence
of the said centrifugal force being of greatly dif-
ferent specific gravity than the oil from -which it
is thus separated is forced toward the center of
the separating chamber 22 and into a region
which immediately surrounds the rotor shaft 24.
The separated gas passes upward along the sur-
face of the shaft 24 parallel with the flow of the
oil until it is entrapped within the inner annular
space 37 and from there it is exhausted from the
apparatus through the outlet port 39. The. oil
from’ which the gas has thus been removed flows
upward into the outer annular space 38 and from
there continues upward through the passages 40
and 41, through the standing valve 21 and into
the pump cylinder. The oil thus reaching the
pump cylinder has, by the action of the before .

ing and other undesirable results of gaseous oil
in the pump &re also largely eliminated. The gas
which is removed from the oil in the separating
chamber 22 and exhausted therefrom through
port 39 rises to the top of the well in the annular
space between the casing 10 and the tubing (4

. ang is withdrawn to the gas disposal system

" through the pipe.50.

The' fluid operated motor 31 for the purpose
of -illustration is shown as a positive displace-
ment gear type. However, other suitable types

" of motors may be substituted. For example a
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reaction turbine impulse wheel or even & suitable
type of fluid operated expansible cylinder motor
may be employed for imparting rapid rotation to
the rotor 23.

The rotor 23 may also be varied somewhat in
design. For example the rotor blades or valves
25 instead of extending radially from the shaft 24
may extend at a slight angle therefrom. The
rotor blades 25 may also be spirally arranged
around the shaft in such a manner as to aid in
lifting the fluid from the inlet ports 36 toward .
the top of the gas separating cylinder.

It is to be understood that the foregoing is il-
lustrative of but one apparatus and method and
that the invention is not limited thereby but
may include any method and apparatus which

‘ accomphshes the same within the scope of the

invention.

I claim:

1. In a pumping well the combxnatlon of a well
tubing, a pump at the lower end of said tubing,
a gas separating chamber connecting with the
inlet of said pump, fluid pressure actuated means
to agitate liquid in said chamber, means associ-
ated with said chamber to separate liquid and

- gas, means to transfer liquid from which gas
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descubed centrifugal separator, been relieved of 75

47

Y has been separated from said chamber to said

pump and means for transferring liquid under
pressure from said pump to actuate said a,gltat-
ing means.

2. In a pumping well the combination of a well
tubing, a pump at the lower end of said tubing, a
gas separating chamber communicating with the
inlet of said pump, means to impart rapid rota-
tion to liquid in said chamber, means to separate
gas and liquid in said chamber, means to exhaust
separated gas from said chamber, means to trans-
fer liquid from which gas has been separated
from said chamber to said pump, and means to
transmit hydrostatic head from well tubing to
actuate the said means for imparting rotation.

3. In a pumping well the combination of a
well tubmg, a pump at the lower end of said
tubing, a gas separating chamber connecting with
the inlet of said pump, a rotor in said gas sepa-
rating chamber, positive means to rotate said
rotor in said chamber, an inlet for admitting lig-
uid containing gas into said chamber, means to
separate liquid and gas in said chamber and
means to transfer liquid from which gas has been
searated from said chamber to sald pump.

4. Apparatus according to claim 3 wherein the
means to rotate said rotor comprises a fluid pres-
sure driven motor.

5. Apparatus according to claim 3 wherein the
means to rotate said rotor comprises a fluid pres-
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-sure :driven :motor:2nd means to deliver llquld
under pressure from-said’] pump to said motor,

6. Ina pumping well the combination of a well} -
tubing, & pump at the lower end of said tubing,

.& gas separating chaniber communicating with
. the inlet of said pump, s rotor in said gas sepa-
rating chamber, positive means to retate said

rotor in said chamber, an inlet for admitfing lig~

uld containing gas‘into the lower portion of said - -

chamber, means to separate liquid and gas in-the
upper portion of said ‘chamber, means to.exhaust
separated gas from the Upper portion. of said
chamber ‘and- ‘means to transfer liquid: from
which gas has been separated from said cham-
ber to the inlet of said pump. ™ -

7. In 2 pumping well the combination of a well

tubing, a pump. at the lower end. of said tubing,
. a-cylindrical ‘gas separating -chamber communi-
cating with the fnifet of said pump, an elongated
rotor having a ghaft axielly disposed within said
chamber a.x; aving a. plurality of substantially
radially e endmg Yanes, an inlet for liquid con-
taining gas at one end of said chamber, means
to separate Mquid ahd gas at the opposite end of
_ said cylinder, mesns connected to one end of said
shaft  for
transfer ing liquid from which gas has been sep-
aratéd ; om. said chamber to the inlet of said
purip, - :

8. Appa.}'a,tus according to claim 7 in which the
ineans for rotating said rotor comprises a fluid
operated moto “and means to transfer liquid un-
der pressure from said tubing to said motor. -
8. In : ping. well the combination of a well -
8 | umﬁ at the lower end of said tubing, a

bating - sald rotor, and means for.

10

3

vertically pos1tioned cylindncal gas separating
chamber extending from the lower end of and
communicating with the inlet of said pump, an
elongated rotor having a shaft axially disposed
within said. eylindrical chamber and having a
plurality ' of substantially radially extending
vanes; an-infet for liquid containing gas in the

/lower portion of said chamber, means to separate

1liquid and gas- in the upper portion of said
chamber, means to exhaust separated gas from -
the said separating means and from said cylin-
der, means to transfer liquid- from which gas has

- been separated from said cylinder to the inlet of
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said pump and means connected with the lower
end of said rotor shaft for impartmg rapid rota-
tion to said rotor.

10. In a pumping well, the combination of the
well tubing, & pump at the lower end of said
tubing, a gas separating chamber connected with
the inlet td)said pump, means to agitate liquid in
said chamber, means associated with the cham-
ber to separate gas and lquid, means to transfer
liquid from which gas has been separated from
said .chamber to said pump, and means to pass
liquid under hydrostatic head in said well tubing
from said tubing to actuate said means for agi- -

_tating lquid in said chamber.

11, Apparatus according to claim 3 wherein
the means to-rotate the rotor is a device driven
by the hydrostatic head in the well tubing., )

12, Apparatus according to claim 6 wherein
the means to rotate said rotor is a device driven

" by the hydrostatic head fro_m the well tubing.

- HOWARD C, PYLE,




