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FIG. 2

pipe, and a control mechanism. The outer tube defines at least one outer tube inlet
and at least one outer tube outlet. The inner tube is disposed within the outer tube.
The inner tube is configured to separate the flow of a first fluid into the tlow of a
second fluid and a flow of a third fluid by rotation thereof. The outlet pipe is partially
disposed within the inner tube and the outer tube. The outlet pipe includes a cross-
sectional area. The outlet pipe is configured to channel the flow of the third fluid out
of the inner tube and the outer tube. The control mechanism is coupled to the outlet
pipe. The control mechanism is configured to regulate the flow of the third fluid by
changing the cross-sectional area of the outlet pipe.

[Continued on next page]
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SYSTEM AND METHOD FOR A CENTRIFUGAL
DOWNHOLE OIL-WATER SEPARATOR

BACKGROUND

[B801] The field of the invention relates generally to o1l and gas well separation systems and,

more specifically, to a centrifugal downhole oil-water separator.

16002] At least some known oil and gas wells produce a variety of produced fluids including
oil, gas, and water. The content of the produced flnd typically changes over time. At least
some oil and gas wells separate the produced thuds at the surface of the well before the
produced fluids are sent to a facility for further processing. However, at least some oil and gas
wells separate the produced fluids at downhole within the well before sending the produced
Auids to the surface. Separating the produced fluids at the surface, rather than downhole within
the well, typically requires larger, more expensive equipment and more energy than separating
the produced fluids downhole within the well. However, typical downhole separation systems
do not adequately conirol the separation process downhole.  That 1s, typical downhole
separation systems have a narrow operating range and do not adequately adapt to changing

content.
BRIEF DESCRIPTION

{0603}  In one aspect, a centrifugal separator is provided. The centrifugal separator includes
an outer tube, an inner tube, an outlet pipe, and a control mechanism. The outer wibe defines
at least one outer tube inlet for a first fluid and an outer tube outlet for a second thid. The at
least one outer tube inlet is configured to channel a flow of the first fluid into the outer tube.
The outer tube outlet is configured to channel a flow of the second fluid out of the outer tube,
The inner tube 1s disposed within the outer tube such that the outer tube circumscribes the nner
tube. The mner tube is configured to separate the flow of the first fluid into the flow of the
second fluid and a flow of a third fluid by rotation thercof. The outlet pipe is partially disposed
within the inner tube and the outer tube such that the nner tube and the outer tube partially
circumscribe the outlet pipe. The outlet pipe inclodes a cross-sectional area. The outlet pipe
is configured to channel the flow of the third fluid out of the ioner tube and the cutertube. The
control mechanism is coupled to the outlet pipe. The control mechanism 1s configured to

regulate the flow of the third fluid by changing the cross-sectional area of the outlet pipe.
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[B804] In a further aspect, a pumping system is provided. The pumping system includes a
pump and a centrifugal separator. The pump is configured to duce a flow of a first fluid out
of a well bore. The centrifugal separator is coupled 1n flow communication with the pump.
The centrifugal separator includes an outer tube, an nner tube, an outlet pipe. and a control
mechanism. The outer tube defines at least one outer tube inlet for a first fluid and an outer
tube outlet for a second thid. The at least one cuter tube inlet 1s configured to channel a flow
of the first fluid into the cuter tube. The outer tube outlet configured to channel a flow of the
second fluid out of the outer tube. The mmer tube is disposed within the outer tube such that
the cuter tube circumscribes the inner tube. The mner tube 1s configured to separate the flow
of the first fluid into the flow of the second fluid and a flow of a third fluid by rotation thereof,
The outlet pipe 1s partially disposed within the inner tube and the outer tube such that the wnmer
tube and the outer tube partially circumscribe the outlet pipe. The outlet pipe includes a cross-
sectional area. The outlet pipe is configured to channel the flow of the third fluid out of the
inner tube and the cuter tube. The control mechanism is coupled to the outlet pipe. The control
mechanism is configured to regulate the flow of the third fluid by changing the cross-sectional

area ot the outlet pipe.

[0603]  In another aspect, a method of controlling a centrifugal separator is provided. The
centrifugal separator includes an outer tube, an inner tube, an outlet pipe, and a control
mechanism. The inner tube disposed within the cuter tube. The outer tube defines an outer
tube outlet. The mmner tube is configured to separate a flow of a first fluid mtc a flow of a
sccond fluid and a flow of a third fluid by rotating. The outlet pipe includes a cross-sectional
arca. The outlet pipe 1s configured to channel the flow of third out of the inner tube and the
outer tube. The control mechanism is coupled to the outlet pipe. The method includes
receiving the flow of the tirst fluid by the inner tube. The method also includes rotating the
mmner tube to separate the tlow of the first fluid into the flow of the second fhnd and a flow of
the third thud. The method further includes channeling the flow of the second flind nto the
outer tube outlet. The method also includes channeling the flow of the third fluid into the outlet
pipe. The method further includes changing the cross-sectional area of the outlet pipe with the
control mechanism. Changing the cross-sectional area of the outlet pipe regulates the flow of

the third fhuid into the outlet pipe.
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DRAWINGS

10686] These and other featurcs, aspects, and advantages of the present disclosure will
become better understood when the following detailed descrption is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:
[B807] FIG. 113 a schematic view of an exemplary rod pump svstem;

10608] FIG. 2 1s a schematic view of centrifugal downhole oil-water separation system for

use within a well bore shown w FIG. |

[0809] FIG. 3 is a schematic view of a control mechanism of the centrifugal downhole oil-

water separation system shown in FIG. 2;

[B816] FIG. 415 a schematic view of an alternative control mechanism that may be used with

the centrifugal dowunhole oil-water separation system shown in FIG. 2; and

[6611] FIG. 5 1s a schematic view of vet another alternative control mechanism that may be

used with the centrifugal downhole od-water separation system shown in FIG. 2.

[6612] Unless otherwise indicated, the drawings provided hercin are meant to illustrate
features of embodiments of the disclosure. These features are believed to be applicable 0 a
wide variety of systems comprising one of more ¢mbodiments of the disclosure. As such, the
drawings arc not meant to include all conventional features known by those of ordinary skill in

the art to be required for the practice of the embodiments disclosed heremn.

DETAILED DESCRIPTION

[3013]  In the following specification and the claims, reference will be made to a number of
terms, which shall be defined o have the following meanings.

[6614] The smgular forms “a”, “an”, and “the” include plural references unless the context
clearty dictates otherwise.

[6615] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes mstances where the event

occurs and instances where 1t does not.

3
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[3016] Approximating language, as used heremn throughout the specification and claims, may
be applied to modify any quantitative representation that could pernussibly vary without
resulting in a change in the basic function to which it 1s refated. Accordingly, a value modified
by a term or terms, such as “about”, “approximately”, and “substantially”, are not to be limited
to the precise value specified. In at least some mstances, the approximating language may
correspond to the precision of an mstrument for measuring the valoe. Here and throughout the
specification and claims, range limitations may be combined and/or interchanged,; such ranges
are identified and include all the sub-ranges contained therein unless context or language

indicates otherwise.

{6617}  Asused herein, the terms “axial” and “axially” refer to dircctions and onentations that
extend substantially parallel to a longitudinal axas of the centrifugal separator. Moreover, the
terms “radial” and “radially” refer to directions and onentations that extend substantially
perpendicular to the longitudinal axis of the centrifugal separator. In addition, as used herein,
the terms “circumferential” and “circumferentially” refer to directions and orientations that

extend arcuately about the longitudinal axis of the centrifugal separator.

16018} Embodimenis of the present disclosure relate to a centrifugal separator baving
improved separation control. More specifically, the centrifugal separator includes an onter
tube, an mner tube, an cutlet pipe, a motor, and a control mechanism. The outer tube
circurnscribes the inner tube. The cuter tube and the inner tube both partially circumscnbe the
outlet pipe. The control mechanism is coupled to the outlet pipe.  In the exemplary
embodiment, the control mechanism is a plurality of springs that change the cross-sectional
area of an inlet of the outlet pipe to control the separation of the centrifugal separator. The
motor is configured to rotate the inner tbe within the outer tube. In operation, a nuxed stream
of at least a high-density fluid and a low-density fluid 15 channeled within the centritfugal
separator. As the inner tube rotates, the high-density flaid 18 forced radially cutwards within
the inner tube and the low-density fluid is forced radially inwards within the inner tube. The
outlet pipe channels the low-density fluid out of the centrifugal separator. As the ratio of high-
density fluid to low-density fluid within the mixed stream changes, the relative pressures of the
high-density fluid and low-density fluid also change. That 15, as the amount of low-density
fluid within the mixed stream decreases, so does the pressure of the low-density fluid within

the outlet pipe. As the pressure of the low-density thud within the outiet pipe decreases, the
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springs reduce the cross-sectional arca of the outlet pipe, which reduces the amount of low-
density fluid that is channeled cut of the centrifugal separator.  As such, the centrifugal
separator described herein inclodes a control mechanism that avtomatically responds to
changing composition of a mixed stream and 1mproves the separation control of the centrifugal

separator.

[G019] FIG. 1is a schematic view of an excmplary rod pump system 100, in the exemplary
embodiment, pump system 100 includes a beam pump 102 with a beam 104 coupled to a
polished rod string 106 adjacent a well bore 108, Well bore 108 is dulled through a surface
110 to facilitate the extraction of production flnds including, but not limited to, petroleum
fluids and water, with and without hard particles. As used herein, petroleum fluids refer to

mineral hydrocarbon substances such as crude oil, gas, and combinations thercof,

[6026] Beam pump 102 is actuated by a prime mover 112, such as an electric motor, coupled
to a crank arm 114 through a gear reducer 116, such as a gearbox. Gear reducer 116 converts
torque produced by prime mover 112 to a low speed but high torque output suitable for drving
the pumping oscillation of crank arm 114, Crank arm 114 1s coupled to beam 104 soch that
rod string 106 reciprocates within well bore 108 during operation. In alternative embodiments,
beam pump 102 1s any suwitable pump that facilitates reciprocating rod string 106 as described
herein. Pump system 100 further includes a well head 118, production tubing 120 coupled to
well head 118, and a downhole pump 122 disposed at the bottom of well bore 108, Rod strng
106 1s coupled to downhole purap 122 such that production fluids are lifted towards surface
110 upon cach upswing of rod string 106, A centrifugal separator 124 1s positioned at the
bottom of bottom of well bore 108, Centnifugal separator 124 is counfigured to separate
productions fluids before they are pumped to surface 110, Pump system 100 is tHustrated as a
beam pump system. However, pump systemn 100 also includes other pump systems including,

without hmitation, electrical submersible pumps (ESP).

[6621] FIG. 2 15 aschematic view of an exemplary centrifugal separator 124 that may be used
with rod purop system 100 (shown i FIG. 1), and FIG. 3 is a schematic view of an exemplary
control mechanism 300 that may be used with centrifugal separator 124, In the exemplary
embodiment, centrifugal separator 124 includes an suter tube 202, an inner tube 204, an outlet
pipe 206, a shatt 208, a motor 210, and a production tluid diverter 212, In the excmplary

embodiment, outer tube 202 is a hollow cyhndrical tube and mmer tube 204 is a hollow
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cvhindrical tube. Outer tube 207 mcludes an outer tube inlet 214, an outer tube outlet 216, and
an outer tube diameter 218, Inner tube 204 includes an inner tube let 220, an inner tube outlet
222, and an inner tube diameter 224, Outlet pipe 206 includes an outlet pipe inlet 226, an cutlet

mipe outlet 228, and an outlet pipe diameter 230,

[0622] Inner tube diameter 224 1s smaller than outer tube diameter 218 such that inner tube
204 1s positioned within, and circumscribed by outer tube 202, Outer tube 202 and mner tube
204 define an outer conduit 232 therebetween. Production thud diverter 212 1s positioned
within cuter condait 232 and circumscribes mner tube 204, Qutlet pipe 206 is partially
positioned within, and circumscribed by outer tube 202 and inner tube 204, Guilet pipe 206
extends out of outer tube outlet 216 and inner tube outlet 222, Shaft 208 is rotatably coupled
to inner tube 204 and motor 210, In one embodiment, outer tube diameter 218 is in a range
between and including about 4 inches (in.} and about 6 in, and mner tube diameter 224 1sn a
range between and including about 3.75 in. and about 5.75 in. In addition, outlet pipe diameter
230 approximately 2 in. Altemnatively, outer tube diameter 218, mner tube diameter 224, and
outlet pipe diameter 230 are any diameter that enables centrifugal separator 124 to operate as

described heretn.

16023} In operation, as will be explained in more detail below, outer tube nlet 214 receives
a mixed stream or first fluid 234 of at least a second thud and a third fhud. Mixed stream 234
is separated within centrifugal separator 124 such that a purnified stream 236 of second flnd is
discharged from outer tube outlet 216, and a purified stream 238 of the third fluid is discharged
from outlet pipe outlet 228, In the exemplary embodiment, mixed stream 234 includes a
mixture of produced fluids from an oif well including, without limitation, oil, water, and natural
gas. In the exemplary embodiment, mixed stream 234 ncludes 90% water and 10% o1l
Alternatively, the water can vary in a range between and including about 70% and about 99%,
while the o1l can vary in a range between and including about 19 and about 30%. However,
in other embodiment, mixed stream 234 meludes any amount of oil, water, and natural gas that

cnables cenirifugal separator 124 to operate as described herein.

13024] In the excrplary embodiment, centrifogal separator 124 further meludes motor 210
coupled to shaft 208, Motor 210 15 operable to cause rotation of mner tube 204 relative to cuter
tube 202. For example, in some embodiments, mner tabe 204 rotates at a speed of less than

about 4000 rotations per minute to facilitate separating the second fluid and the third fhnd. In
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addition, motor 210 ecnables centrifugal separator 124 to be independently operable from other
components in pump systent 100 (shown in FIG. 1), In an alternative embodiment, referring
to FIG. 1, pump assembly 100 inchides a drive shaft coupled to shaft 208 and motor 210 s
omitted from centrifugal separator 124, As such, centrifugal separator 124 is actuated by

rotation of shaft 208.

[B0825]  As such, in operation, mixed stream 234 enters outer tube 202 and inner tube 204
through outer tube miet 214 and inner tube miet 220, Mixed stream 234 1s channeled from
outer tube inlet 214 and inner tube inlet 220 towards outer tobe outlet 216 and 1nner tube cutlet
222 as motor 210 and shaft 208 rotates inner tube 204, In addition, mixed stream 234 s
separated based on a density of the second fluid and the third fluid. For example, the second
fluid, which has a greater density than the third fluid, 1s forced radially outward as inner tube
204 rotates and a centrifugal force 1s formed. As such, the percentage of the second fhad n
the fhud channeled within a radially outer portion 240 of inner tube 204 progressively increases
from mmer tube mlet 220 towards immer tube outlet 222, thereby forming punified stream 236
of sccond fhuid for discharge from outer tube outlet 216. Radially outer portion 240 of immer
tube 204 mehades the volume of inner tube 204 outside of dashed lines 242. A radially inner

portion 244 of inner tube 204 includes the volume of inner tube 204 1nside of dashed lines 242.

[0826] Morcover, the third fluid within mixed stream 234 1 displaced from radially outer
portion 240 of nner tube 204 indo radially inner portion 244 of inner tube 204 as inner tube
204 rotates. As such, the percentage of the third fhuid in the fluid chanveled within radially
inner portion 244 of inner tube 204 progressively increases from mner tube inlet 220 towards
inner tube outlet 222, thereby forming purified stream 238 of third fluid for discharge from

outlet pipe outlet 228,

16027} As illustrated in FIG. 3, control mechanism 300 meludes a phurality of springs 302
and a plurality of plates 304. Plates 304 are positioned within outlet pipe inlet 226 of outlet
pipe 206 and are configured to expand or contract a cross-sectional arca of outlet pipe inlet
226. Springs 302 are coupled to outer tube 202 and plates 304. Springs 302 exiend through
outlet pipe 206. Springs 302 are configured to react to a pressure difference between a pressure
of purified stream 238 and a pressure of purified stream 236. When production fluids arc not

present, springs 302 pull plates 304 toward outer tube 202 and increase the cross-sectional area
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of outlet pipe inlet 226. The presences of production fluids within centrifugal separator 124

changes the pressure difference and the cross-sectional area of outlet pipe nlet 226.

16028] During operations, outlet pipe 206 channels purified stream 238 of the third fluid out
of centnfugal separator 124, As the content of the third fluid in mixed stream 234 increases,
the volume of third fluid that cutlet pipe 206 channels out of centrifigal separator 124 also
increases.  As such, the pressure of purified stream 238 relative to the pressure of purnified
stream 236 decreases. The pressure difference increases, and, as the pressure difference
increases, plates 304 exert a force on springs 302 and increase the cross-sectional area of outlet

pipe infet 226. This facilitates more purified stream 233 indo outlet pipe 206.

[6629] Conversely, as the content of the third fluid m mixed sirecam 234 decreases, the
volume of third fluid that outlet pipe 206 channels out of centrifugal separator 124 also
decreases. As such, the pressure of purified stream 238 relative to the pressure of punfied
stream 236 increases. The pressure difference decreases, and, as the pressure difference
decreases, plates 304 exerts less force on springs 302 and decrease the cross-sectional area of
cutlet pipe mlet 226, This facilitates less purified stream 238 into outlet pipe 206, In the
exeraplary embodiment, purified stream 238 mcludes between about 40% to about 60% oil and
between about 60% to about 40% water. Purnified stream 236 includes about 99% 1o about

89 99% water and about 100 to about 10,000 parts-per-million (ppm) oil.

[6030] The pressure of purnified stream 238 is set by pump system 100 and the pressure of
purified stream 236 1s set by the pressure of the disposal zone. As used herein, the phrase
“disposal zone” tncludes a dedicated disposal zone for receiving the discharged purnified stream
236. The disposal zone may lie either above or below outer tube nlet 214, 1e., a producing
zone. The disposal zone enables downhole disposal of punified stream 236, which facilitates
reducing energy needed to pump purified stream 236 to the surface. Because the disposal zone
contains a liguid, such as water and is downhole, the disposal zone will have some pressure
associated with it. As such, the pressurc of purified stream 236 is sct by the pressure of the
disposal zone. Thus, when the hydrostatic head in the tubing 1s great enough, purified stream
236 drains into the disposal zone. As the volume of third thud within purnified stream 238
increases, the suction of pump system 100 also increases to pump more purified stream 238.
This decreases the pressure of purified stream 238 within outlet pipe 206, As such, control

mechanism 300 automatically reacts to changing composition of mixed stream 234 without
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ncreasing the amount of control equipment in centrifugal separator 124. Thus, as the amount
of ot in a well decreases, control mechanism 300 avtomatically decreases the amount of
purified stream 238 sent to surface 110, Additionally, control mechanism 300 improves the
quality of purified stream 238 by reducing the amount of the sccond fluid included 1n purnified

stream 238,

[6631] FIG. 4 15 a schematic view of an alternative control mechanism 400 that may be used
with centrifugal separator 124, In the exemplary embodiment, control mechanism 400 is a
conical vale and includes at least one spring 402 and a conical valve seat 404, Conical valve
seat 404 1s positioned within outlet pipe inlet 226 of outlet pipe 206 and is configured to move
axially to expand or contract a cross-sectional arca of outlet pipe inlet 226, Spring 402 s
coupled to outer tube 202 and comical valve scat 404, Spring 402 is configured 1o react to a
pressure difference between a pressure of purified stream 238 and a pressure of purified stream
236 (shown in FIG. 2). When production fluids are not present, spring 402 pushes conical
valve scat 404 away from outlet pipe inlet 226 to increase the cross-sectional area of outlet pipe
wnlet 226, The presences of production fluids within centrifugal separator 124 (shown in FIG.

2} changes the pressure difference and the cross-sectional arca of cutlet pipe inlet 226,

[6632] FIG. S 1s aschematic view of vet another alternative control mechanism 500 that may
be used with centrifugal separator 124, In the exemplary embodiment, control mechanism 500
is a plonger type vale and includes at least one spring 302 and a plunger valve seat 504, Plonger
valve seat 504 is positioned within a valve scat cavity 506 formed proximate outlet pipe inlet
226 of outlet pipe 206 and is configured to move axially to expand or contract a cross-sectional
arca of outlet pipe inlet 226. Spring 502 is coupled to outer tube 202 and planger valve seat
504. Spring 502 is configured to react to a pressure difference between a pressure of purified
stream 238 and a pressure of purified stream 236 {shown in FIG. 2}, When production flinds
are not present, spring 502 applies a force to plunger valve seat 504 to open the valve and
increase the cross-sectional area of outlet pipe mlet 226, The presences of production fhuds
within centrifugal separator 124 (shown in FIG. 2) changes the pressure difference and the

cross-sectional area of outlet pipe mlet 226.
10633} The centrifugal separator described herein facilitates separating a mixed stream of
fluid in an efficient manner. The contrifugal separator includes a control mechanism within

the centrifugal separator. The control mechanism enables the centrifugal separator to adapt
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automatically to the changing composition of the mixed stream. In addition, the guality of the

produced fhid sent to the surface is improved because leass water is sent to the surface.

16034]  An excmplary technical effoct of the device and methods described herein includes at
least one of: (1) separating a mixture including at least two fluids having different densities;
(b} providing a control mechanism capable of controlling the centrifugal separator; and (¢}
providing a control mechanism capablc of automatically adapting to the changing composition

of awell.

10633] Exemplary embodiments of a centrifugal separator are provided herein. The devices
and methods arc not limited to the specific embodiments descrbed hercin, but rather,
components of systems and/or steps of the methods may be utilized independently and
separately from other components and/or steps described herein.  For example, the
configuration of components descabed hercin may also be used in combination with other
processes, and is not limited to practice with only separating oil and water mixtures, as
described herein.  Rather, the exemplary embodiment can be implemented and utilized in
connection with many applications where separating a muxture info ifs component parts is

desired.

[0836] Although specific features of various embodiments of the present disclosure may be
shown 1n some drawings and not in others, this is for convenience only. In accordance with
the principles of embodiments of the present disclosure, any feature of a drawing may be

referenced and/or claimed in combination with any feature of any other drawing.

[6637) This written description uses cxamples to disclose the embodiments of the present
disclosure, including the best mode, and to enable any person skilled n the art to practice
embodiments of the present disclosure, including making and using any devices or systems and
performing any incorporated methods, The patentable scope of the embodiments described
herein s defined by the claims, and may include other examples that occur 1o those skilled n
the art. Such other examples are ntended to be within the scope of the claims if they have
structural elements that do not differ from the literal language of the clamms, or if they include
cquivalent structural clements with msubstantial differences from the literal languages of the

claimms.

10
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WHATIS CLAIMED IS:
I. A centrifugal separator comprising:

an outer tube defining at least one outer tube nlet for a first fluid and at least one outer
tube outlet for a second thitd, said at least one cuter tube inlet configyred to channel a flow of
the first fluid 1nto said outer tube, said at least ong outer tube cutlet configured to channel a

flow of the second thud out of said outer tube;

an inner tube disposed within said outer tube such that said oufer tube circumscribes
said inner tube, said inner tube configured to separate the flow of the first fluid into the flow of

the second fluid and a flow of a third fluid by rotation thereof]

an cutlet pipe partially disposed within said inner tube and said outer tube such that said
inner tube and said outer tube partially circumscrnibe said outlet pipe, said outlet pipe having a
cross-sectional area, said outlet pipe configured to channel the flow of the third flud cut of

said mner tube and said outer tube; and

a control mechanism coupled to said outlet pipe, wheren said control mechanism 1s
configured to regulate the flow of the third fhnd by changing the cross-sectional area of said

outlet pipe.

2 The centrifugal separator in accordance with Claim 1, wherein said control
mechanism comprises at least one spning coupled to said outlet pipe and said outer tube,
wherein said at least one spring is configured to control the flow of the third fluid by changing

the cross-sectional arca of said outlet pipe.

3. The centrifugal separator in accordance with Claim 2, wherein said condrol
mechanism further comprises a plurality of plates disposcd within said outlet pipe, said at least
one spring comprising a plurality of springs coupled to said plurality of plates and said outer
tube, wherein said plurality of springs are configured to change the cross-sectional area of said

outlet pipe by inducing a force on said plurality of plates.

4. The centrifugal scparator m accordance with Claim 2, wherein said control
mechanism further comprises one of a conical valve seat and a plunger valve seat, said at least

one spring coupled to said one of a conical valve seat and a plunger valve seat.

1
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5. The centrifugal separator m accordance with Claim 1, wherein the flow of the
second fluid has a second fluid pressure, the flow of the third flnd has a third flaid pressure,
wherein said control mechanism is configured to control the change to the cross-sectional area
of said outlet pipe in response to a pressure difference hetween the second fluid pressure and

the third fluid pressure.

5. The centrifugal separator in accordance with Claim 5, wherein the flow of the
first fluid has a first thud pressure, and wherein the second flind pressure is determuned at least

partially by a disposal zone pressure.

7. The centrifugal separator in accordance with Claun 1 further comprising a

motor coupled to said inner tube, said motor configured to rotate said inner tube.

8. The centrifugal separator in accordance with Claim 1 further comprising a
production thud diverter disposed within said outer tube, said production fluid diverter
circumscribing said mner tube, wherein said production fhud diverter 1s configured to channel

the flow of the first fluid mto said ner tube.

9, A pumping sysiem comprising;

a pump configured to induce a flow of a first fluid out of a well bore; and

a centrifugal separator coupled i flow communication with said pump, said centrifugal

separator Comprising:

an outer tube defining at least one outer tube miet for a first flid and at least
one ocuter tube cutlet for a second fluid, said at least one outer tube nlet configured to
channel the flow of the first fluid into said outer tube, the flow of the first fluid has a
first fluid pressure, said at [cast one outer be outlet configured to channel a flow of
the second fluid out of said outer tube, the flow of the second fluid has a second fluid
pressure;

an inner tube disposed within said outer tube such that smid outer tube
crcumscribes said inner tube, said mner tube configured to separate the How of the first
fhuid into the flow of the second fluid and a flow of a third fhuid by rotation thereof,

an outlet pipe partially disposed within said ioner tube and said outer tube such

that said inner tube and said outer tube partially circumscribe said outlet pipe, said outlet
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pipe having a cross-sectional area, said outlet pipe configured fo channel the flow of

the third fhnd out of said mner tube and said outer tube; and

a control mechanism coupled to said outlet pipe, wherein said control
mechanism 1s configured to regulate the flow of the thurd fluid by changing the cross-
sectional area of said outlet pipe.

16, The pumping system in accordance with Claim 9, wherein said control
mechanism comprises at least one spning coupled to said outlet pipe and said outer tube,
wherein said at least one spring is configured to control the flow of the third fluid by changing

the cross-sectional area of said outlet pipe.

1. The pumping system in accordance with Claim 10, wherein said control
mechanism further comprises a plarality of plates disposed within said outlet pipe, said at least
one spring comprising a plurality of springs coupled to said plurality of plates and said outer
tube, wherein said plurality of springs are configured to change the cross-sectional area of said

outlet pipe by inducing a force on said plurality of plates.

12, The pumping system in accordance with Claim 10, wherein said control
mechamsm further comprises one of a conical valve seat and a plunger valve seat, said at least

one spring coupled to said one of a conical valve seat and a plunger valve seat.

13, ¢ pumping system in accordance with Claim 9, wherein the flow of the third
fluid has a third fluid pressure, wherein said control mechanism is configured to control the
change to the cross-sectional arca of said outlet pipe in response to a pressure difference

between the second fhund pressure and the third fhud pressure.

14, The pumping system in accordance with Claim 13, wherein the second fluid
pressure is deternuined at least partially by a disposal zone pressure, and wherein the third fluid
pressure is determined at least partially by said pump.

15, 'The purping system in accordance with Claim 9 further comprising a motor
coupled to said mner tube, said motor configured fo rotate said inner tube.

16. The pumping system in accordance with Claim 9 further comprising a

production thuid diverter disposed within said outer tube, said production fluid diverter

i3
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circumscribing said mner tube, wherein said production fhud diverter 1s configured to channel

the flow of the first fluid into said inner tube.

17. A method of controlling a contrifugal separator, the centrifugal separator
including an outer tube, an mner tube, an outlet pipe, and a control mechamism, the mner {ube
disposed within the outer tube, the outer tube defiming at least one outer tube cutlet, the nner
tube configured to separate a flow of a first fluid into a flow of a second fluid and a flow of a
third fluid by rotating, the outlet pipe including a cross-sectional area, the outlet pipe configured
to channel the flow of third out of the mnner tube and the outer tube, the control mechanism

coupled to the outlet pipe, said method comprising:
recetving the flow of the first flurd by the inner tube;

rotating the imer tube to separate the flow of the first fhud into a flow of the second

fluid and a flow of the third fluid;
channeling the flow of the second fluid 1nto the at least one outer tube outlet;
channeling the flow of the third fluid into the outlet pipe; and

changing the cross-sectional arca of the outlet pipe with the control mechanism,
wherein changing the cross-sectional arca of the outlet pipe regulates the flow of the third fluid

into the outlet pipe.

18, The method in accordance with Claim 17, wherein changing the cross-sectional
area of the outlet pipe with the control mechanism comprises changing the cross-sectional area
of the cutlet pipe with a plurality of springs and a plurality of plates, the plarality of plates
positioned within the cutlet pipe, the plurality of springs configured to change the cross-

sectional arca of the outlet pipe by nducing a force on the plurality of plates.

19. The method in accordance with Claim 17, wherein changing the cross-sectional
arca of the cutlet pipe with the control mechanism comprises changing the cross-sectional arca
of the outlet pipe with a spring coupled to one of a conical valve seat and a plunger valve seat,
the one of the conical valve seat and the plunger valve seat posttioned within the outlet pipe,
the spring configured to change the cross-sectional arca of the outiet pipe by inducing a force

on the one of the conical valve seat and the plunger valve seat.
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20, The method in accordance with Claim 17, wherein rotating the inner tube to
separate the flow of the first fluid into a flow of a second thud and a flow of a third fluid
comprises rotating the tnner tube with a motor o separate the flow of the first fluid inio the

flow of the second fluid and the flow of the third fluid.
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