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MODULAR PUMPING SYSTEM

BACKGROUND

[0001] This section is intended to provide relevant background information to facilitate a
better understanding of the various aspects of the described embodiments. Accordingly, it
should be understood that these statements are to be read in this light and not as admissions

of prior art.

[0002] In special oilfield applications, pump assemblies are used to pump a fluid from the
surface into a wellbore at high pressures. Such applications may include hydraulic fracturing,
cementing, and pumping through coiled tubing, among other applications. In the example of a
hydraulic fracturing operation, a multi-pump assembly is often employed to direct an
abrasive containing fluid, or fracturing fluid, through a wellbore and into targeted regions of
the wellbore to create side “fractures” in the wellbore. To create such fractures, the fracturing
fluid is pumped at extremely high pressures, sometimes in the range of 10,000 to 15,000 psi
(68,900 kPA to 103,400 kPA) or more. In addition, the fracturing fluid contains an abrasive
proppant which both facilitates an initial creation of the fracture and serves to keep the
fracture “propped” open after the creation of the fracture. These fractures provide additional
pathways for underground oil and gas deposits to flow from underground formations to the

surface of the well. These additional pathways serve to enhance the production of the well.

[0003] However, the abrasive nature of fracturing fluids, or other fluids for that matter that
are pumped downhole (e.g., cement), is not only effective in breaking up underground rock
formations to create fractures therein, it also tends to wear out the internal components of the
pumps that are used to pump it. Thus, when pumps are used to pump fluid (and any
particulate or other solids carried by the fluid) downhole, the repair, replacement and/or
maintenance expenses for the internal components of the pumps can be high, while the

overall life expectancy of the pumps can be low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments of the invention are described with reference to the following
figures. The same numbers are used throughout the figures to reference like features and
components. The features depicted in the figures are not necessarily shown to scale. Certain

features of the embodiments may be shown exaggerated in scale or in somewhat schematic
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form, and some details of elements may not be shown in the interest of clarity and

conciseness.

[0005] FIG. 1 depicts a plan view of an example pumping system, according to one or

more embodiments;

[0006] FIG. 2 depicts a sectioned perspective view of an example pumping module,

according to one or more embodiments;

[0007] FIG. 3 depicts another sectioned perspective view of an example pumping module,

according to one or more embodiments;

[0008] FIGS. 4A-4C depict perspective views of an example rotor and stator included

within a pumping module, according to one or more embodiments;

[0009] FIG. 5 depicts a sectioned perspective view of an example pump, according to one

or more embodiments; and

[0010] FIG. 6 depicts a perspective view of an example pumping system, according to one

or more embodiments.

DETAILED DESCRIPTION

[0011] Referring now to the figures, FIG. 1 depicts one or more embodiments of a system
used in a fluid pumping operation, such as hydraulic fracturing and/or cementing a wellbore.
Specifically, the system includes a plurality of pumps 10 mounted to vehicles 12, such as
trailers of the vehicles 12. In the embodiment shown, the pumps 10 are powered by electric
motors 14, in which the motors 14 may also be mounted to the vehicles 12. The pumps 10 are
fluidly connected to a wellhead 16 through a manifold 18. As shown, the vehicles 12 may be
positioned near enough to the manifold 18 to connect fracturing fluid lines 20 between the
pumps 10 and the manifold 18. The manifold 18 may then be connected to the wellhead 16 to
deliver fracturing fluid from the pumps 10 to the wellhead 16.

[0012] FIGS. 2 and 3 depict one or more embodiments of a pumping module 200 that may
be used to pump fluid, such as in the system shown in FIG. 1. Though described more below,
one or more pumping modules 200 may be positioned within a pump (e.g., positioned within
a pump housing, discussed more below) to work in conjunction with each other when
pumping fluid. The pumping module 200 includes a housing 202 having a generally
cylindrical shape with ends 204 and 206 formed on opposite sides of the housing 202. For
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convenience, in this embodiment the end 204 will be referred to as the inlet end, and the end
206 will be referred to as the outlet end, as fluid is shown flowing into the inlet end 204,
through the housing 202, and out through the outlet end 206. However, the present disclosure

is not so limited, as fluid may flow in either direction through the pumping module 200.

[0013] One or more rotors 210 and one or more stators 214 are positioned within the
housing 202. In particular, as the pumping module 200 may be a multi-stage pumping module
in this embodiment, multiple rotors 210 and stators 214 may be paired together and
positioned within the pumping module housing 202 (e.g., in series) with each pair forming a
stage within the pumping module 200. The rotors 210 may be arranged within the pumping
module 200 such that the rotors 210 are rotatable with respect to the stators 214. For example,
the stators 214 may be rotatably fixed with respect to the housing 202, such as by including
an anti-rotation feature between the stators 214 and the housing 202. This anti-rotation
feature may include a pin, bolt, screw, or any other suitable device extending between the
housing 202 and the stators 214 to prevent rotation, or a slot and groove engagement between
the housing 202 and the stators 214 to prevent rotation. Alternatively, the stators 214 may be
integrally formed with the housing 202. The rotors 210 may rotate with respect to the housing
202, such as about an axis of the cylindrical housing 202, to rotate with respect to the stators
214. The rotation of the rotors 210 with respect to the housing 202 and the stators 214 may
push fluid through the housing 202, such as from the inlet end 204 to the outlet end 206,

depending on the direction of rotation of the rotors 210.

[0014] A shaft 220 is included with the pumping module 200 to impart rotation to the
rotors 210. The shaft 220 is rotatable with respect to the housing 202, and in this
embodiment, may be at least partially positioned within and extending into or through the
housing 202. The rotors 210 are coupled to the shaft 220 such that, as the shaft 220 rotates,
the rotors 210 will also rotate. For example, the rotors 210 may be magnetically coupled to
the shaft 220, such as by including magnets within the rotors 210 and/or the shaft 220. This
arrangement may enable the shaft 220 to impart rotation to the rotors 210 through magnetic
forces occurring between the rotors 210 and the shaft 220. Alternatively, the rotors 210 may
be rotationally fixed to the shaft 220, such as by including an anti-rotation feature between
the rotors 210 and the shaft 220 or by having the rotors 210 integrally formed with the
housing 202. The shaft 220 may also be placed in a sealed system, isolated from the fluid,

with magnetic connections through a non-magnetic wall (not shown).

[0015] Referring still to FIGS. 2 and 3, the pumping module 200 may include one or more
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caps 222 and 226, such as to secure the rotors 210 and stators 214 within the housing 202
and/or the shaft 220 to the housing 202. As shown, an inlet cap 222 may be positioned on the
inlet end 204 of the housing 202, and an outlet cap 226 may be positioned on the outlet end
206 of the housing 202. One or more inlets 224 or ports may be formed within the inlet cap
222 to enable fluid to flow into the housing 202, and one or more outlets 228 or ports may be
formed within the outlet cap 226 to enable fluid to flow out of the housing 202. Further, the
shaft 220 may extend through one or both of the caps 222 and 226 to position the shaft 220
within the housing 202, such as along the axis of the housing 202.

[0016] One or both of the caps 222 and 226 may be integrally formed with the housing
202 and/or removable from the housing 202. For example, as shown in FIG. 3 specifically,
the inlet cap 222 may be integrally formed with the housing 202, while the outlet cap 226
may be removable from the housing 202, such as by having the outlet cap 226 threadedly
coupled with the housing 202. By having the outlet cap 226 removable from the housing 202,
the rotors 210 and/or stators 214 may be removed from or inserted into the housing 202
through the outlet end 206 when the outlet cap 226 is removed. This may facilitate assembly
and maintenance of the pumping module 200. Another option is that the caps 222 and 226
may be slidingly coupled with the housing 202. The caps may also be installed to be non-
rotational with respect to the housing 202, and positioned such that the cap openings 224, 228
stay aligned with each other to prevent flow blockages through the housings 202.

[0017] The pumping module 200 may further include one or more seals, particularly as
one or more pumping modules 200 may be positioned together within a larger housing of
pump to work in conjunction with each other to pump fluid. For example, as shown in FIG. 3,
a seal 228 may be positioned on the inlet cap 222 and/or the outlet cap 226. The seal 228
positioned on the inlet cap 222 may be positioned about the inlets 224, such as within a
groove formed about the inlets 224, and the seal 228 positioned on the outlet cap 226 may be
positioned about the outlets 228, such as within a groove formed about the outlets 228. The
seals 228 may be used to form a seal between adjacent pumping modules 220, such as when

compressed against each other within a pump housing.

[0018] As shown above, a pumping module 200 may include more than one rotor 210 and
stator 214 to form multiple stages within the pumping module 200. However, the present
disclosure may not be so limited, and instead may only include one rotor 210 and one stator
214. Accordingly, in the embodiment shown above, the pumping module 200 may be a multi-

stage centrifugal pump. In such an embodiment, and as shown in FIGS. 4A—4C, the rotor 210
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may include one or more rotor fins 212 to define rotor fluid channels within the rotor 210,
and the stator 214 may include one or more stator fins 216 to define stator fluid channels
within the stator 214. In this embodiment, as the rotor 210 rotates in a counterclockwise
direction, the fins 212 and channels of the rotor 210 will push fluid radially outward and
partially in the counterclockwise direction. This fluid will then be captured by the fins 216
and channels of the stator 214 to direct the fluid radially inwards and towards the next stage
or rotor 210 with the housing 202 of the pumping module 200. Further, though only a
multistage centrifugal pump is shown for the pumping module 200 in FIGS. 2-4C, the
present disclosure is not so limited, as the pumping module 200 may include a positive
displacement pump, a progressive cavity pump, other velocity pumps, in addition to other

types of pumps.

[0019] FIG. 5 depicts one or more embodiments of a pump 300 that may be used to pump
fluid, such as in the system shown in FIG. 1. The pump 300 includes a housing 302 having a
generally cylindrical shape with ends 304 and 306 formed on opposite sides of the housing
302. As with the pumping module 200 described above, for convenience the end 304 will be
referred to as the inlet end, and the end 306 will be referred to as the outlet end, as fluid may
flow into the inlet end 304, through the housing 302, and out through the outlet end 306.
However, the present disclosure is not so limited, as fluid may flow in either direction

through the pump 300.

[0020] One or more pumping modules 200 are positioned within the housing 302 of the
pump 300 to work in conjunction with each other when pumping fluid. The pumping
modules 200 may be rotatably fixed with respect to the housing 302, such as by including an
anti-rotation feature between the pumping modules 200 and the housing 302. For example, a
pumping module 200 may include a male member engageable with a female member of the
housing 302 (e.g., a pin engageable with a slot), or vice-versa, to prevent rotation between the
pumping module 200 and the housing 302. The pumping modules 200 are positioned such
that fluid may be pumped from the outlet of one pumping module 200 to the inlet of the
adjacent pumping module 200 within the housing 302.

[0021] A shaft 320 is included within the pump 300 and is rotatable with respect to the
housing 302 to rotate the rotors of the pumping modules 200. The shaft 320 is rotatable with
respect to the housing 302 may be at least partially positioned within and extending into or
through the housing 302. Further, the shaft 320 may extend through each of the pumping
modules 200. Alternatively, the shaft 320 may be segmented and formed from multiple
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individual shafts, such as the shaft 220 for the pumping modules 200 in FIGS. 2 and 3. In
such an embodiment, the shafts 220 of each of the pumping modules 200 may be coupled to
each other and rotationally fixed with respect to each other to rotate in unison and form the
shaft 320 for the pump 300. A motor is coupled to the shaft 320 to impart rotation to the shaft
320 and rotate the rotors of the pumping modules 200 with respect to the housing 302 of the
pump.

[0022] As with the pumping module 200 shown in FIGS. 2 and 3, the pump 300 may
include one or more caps 322 and 326, such as to secure the pumping modules 200 within the
housing 302 and/or the shaft 320 to the housing 302. As shown, an inlet cap 322 may be
positioned on the inlet end 304 of the housing 302, and an outlet cap 326 may be positioned
on the outlet end 306 of the housing 302. One or more inlets or ports may be formed at or
near the inlet end 304 to enable fluid to flow into the housing 302, and one or more outlets or
ports may be formed at or near that outlet end 306 to enable fluid to flow out of the housing
302. Further, the shaft 220 may extend through one or both of the caps 322 and 326 to
position the shaft 320 within the housing 302, such as along the axis of the housing 302. The
caps 322 and 326 may be integrally formed with the housing 302 and/or removable from the
housing 302. By having one or both of the caps 322 and 326 removable from the housing
302, the pumping modules 200 may be removed from or inserted into the housing 302
through an end of the housing when the respective cap is removed. This may facilitate

assembly and maintenance of the pump 300.

[0023] In one or more embodiments, the housing 302 of the pump 300 may provide
structural support to the housings 202 of the pumping modules 200. For example, the housing
302 of the pump 300 may have a higher pressure rating than that of the housings 202 of the
pumping modules 200 such that the pump housing 302 provides the structural support during
operation to the pumping module housings 202. The pressure rating may refer to the
operating or allowable internal pressure of the pump housing 302 and the pumping module
housing 202 when used to contain or pump liquids or gases. The pressure rating may also be
used to refer to the wall strength (dependent on factors such as wall thickness or material of
the housing) of the pump housing 302 and the pumping module housing 202 and how much
the walls may safely contain in normal operation. This may enable the pumping modules 200
to be manufactured without relying on each housing 200 to meet the overall pressure
requirements for a pumping operation of the pump 300. Accordingly, the pumping module

housing 202 may be manufactured to form a small gap or no gap between the exterior of the
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pumping module housing 202 and the interior of the pump housing 302 when the pumping
modules 200 are positioned within the pump 300.

[0024] In one or more embodiments, a pumping module 200 in accordance with the
present disclosure may be able to deliver or pump a fluid pressure between about 120-500 psi
(827-3450 kPa). For example, a pumping module 200 may include one or more pumping
stages (pairs of rotors and stators), in which each stage may deliver a fluid pressure between
about 30-50 psi (207-345 kPa). As an example, a pumping module 200 may include four
pumping stages, as shown in FIGS. 2 and 3, or up to ten pumping stages, in which the
pumping module 200 may have a pumping capacity between about 120—500 psi. As such, in
FIG. 5, each pumping module 200 may be able to increase the pumping pressure of the pump
300 by about 120500 psi. As six pumping modules 200 are included in the pump 300 in
FIG. 5, the pump 300 may have a pumping capacity up to about 3,000 psi (20700 kPa). The
input fluid pressure may also be connected to both the input of the first module 200 and,
through proper filtration, also connected to the outside area of the modules 200 but interior to
the pump 300. Doing so, the modules 200 only need to have a pressure capacity rating of the
pumping capability of the pump 300, such as shown here as an example to be 3000 psi.

[0025] In one or more embodiments, the pumping modules 200 may be positioned and
sealed within the housing 302 of the pump 300 such that pressurized fluid may be positioned
or flow between the exterior of the housings 202 of the pumping modules 200 and the interior
of the housing 302 of the pump 300. For example, an annulus may be formed between an
outer surface or exterior of the housings 202 of the pumping modules 200 and an inner
surface or interior of the housing 302 of the pump 300. Pressurized fluid, such as the fluid
flowing through the pumping modules 200, may also be able to enter into the annulus formed
between the pumping modules 200 and the housing 302. For example, pumping fluid
supplied through the pumping modules 200 may be separately provided or pumped into this
annulus, or one or more ports may be formed through or between the pumping modules 200
to enable fluid to enter the annulus. This arrangement may minimize the pressure change
across the housings 202 of the pumping modules 200 to also minimize the pressure capacity

requirements for each of the housings 202.

[0026] FIG. 6 depicts one or more embodiments of a pumping system 400 that may be
used to pump fluid, such as into a wellbore. The pumping system 400 includes one or more
pumps 300 positioned or arranged on a platform 402. The platform 402, for example, may be

a trailer of a vehicle such that the platform 402 may be transported to and from a wellsite.
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One or more motors 404 may be included within the system 400 and coupled to the pumps
300, such as by having a motor 404 operably coupled to each pump 300, with each motor 404
also positioned on the platform 402. The motor 404 may be an electric motor, such as a 300
hp (224 kW) electric motor, or may be another type of motor or engine, such as a pneumatic
or hydraulic motor. Further, a variable frequency drive and/or a gear box may be coupled
between the motor 404 and the pump 300 to selectively vary and control the output from the

motor 404 and to the pump 300.

[0027] The pumping system 400 may have the pumps 300 arrangeable or re-arrangeable
such that the pumps 300 may be fluidly coupled or connected in parallel or in series with
each other to pump fluid into a wellbore. For example, two or more of the pumps 300 may be
arranged or connected in series with each other to form a series arrangement, may be
arranged or connected in parallel with each other to form a parallel arrangement, or may have

a combination of the two arrangements.

[0028] In one or more embodiments, a series arrangement for the pumps 300 may enable
the system 400 to pump fluid at a higher pressure and a lower flow rate than in the parallel
arrangement. As an example of a series arrangement, fluid may be received by and pumped
into and out of a first pump 300A, received by and pumped into and out of a second pump
300B, and follow along accordingly, such as up to an eighth pump 300H. Assuming that each
pump 300 has pumping capacity up to about 2,000 psi (13,800 kPa), the system 400 may
have a pumping pressure capacity up to about 16,000 psi (110,300 kPa).This series

arrangement would maintain a consistent flow rate through each pump 300 of the system 400.

[0029] As an example of a parallel arrangement, fluid may be received concurrently by
each pump 300A—H. In such an arrangement, the pumping pressure capacity of the system
400 may be the same as each pump individually, but the flow rate through the system 400
would increase, such as by about eight times, assuming each pump 300 shown in FIG. 6 was
coupled in parallel with each other. Alternatively, in other embodiments, the pumps 300A-H
within the system 400 may be arranged in combinations of series and parallel arrangements,
such as depending on the requirements for a pumping operation. One or more taps 406 may
be included within the system 400, such as between the pumps 300, to selectively have fluid,
fluid pressure, and/or flow rate removed from or added to the pumping system 400. Further,
the pumps 300 within the pumping system 400 may be selectively turned off and on as
needed. Accordingly, the system 400 may be modular to deliver fluids (e.g., fracturing fluid

or cement) to a wellbore to meet the requirements for a pumping operation, such as in a
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fracturing or cementing operation. Furthermore, as the system 400 includes pumps 300 that
incorporate the use of modular components and may be replaceable, the system 400 and
pumps 300 may be used to pump fluids that are difficult to pump and damaging that would be

damaging to other components (e.g., valves and pumps) not included in the system 400.

[0030] In addition to the embodiments described above, many examples of specific

combinations are within the scope of the disclosure, some of which are detailed below:

Embodiment 1. A pumping module positionable within a pump housing for pumping fluid,
comprising:

a cylindrical housing comprising an inlet end and an outlet end;

an inlet cap positioned on the inlet end of the cylindrical housing and comprising an inlet
formed through the inlet cap;

an outlet cap positioned on the outlet end of the cylindrical housing and comprising an outlet
formed through the outlet cap;

a shaft rotatable with respect to the cylindrical housing; and

a rotor positioned within the cylindrical housing and rotatable by the shaft to push fluid
through the cylindrical housing.

Embodiment 2. The pumping module of Embodiment 1, further comprising a stator
positioned within the cylindrical housing with the rotor rotatable with respect to the stator to
push fluid through channels of the rotor and stator as the rotor rotates with respect to the

stator.

Embodiment 3. The pumping module of Embodiment 2, further comprising a plurality of
rotors and a plurality of stators, each rotor paired with a corresponding stator such that each

rotor and stator pair form a stage within the cylindrical housing.

Embodiment 4. The pumping module of Embodiment 2, wherein either one or both of the
inlet cap and the outlet cap is removable from the cylindrical housing such that the rotor and

stator are insertable into the cylindrical housing.

Embodiment 5. The pumping module of Embodiment 1, wherein either one of the inlet cap

or the outlet cap is integrally formed with the cylindrical housing.

Embodiment 6. The pumping module of Embodiment 1, further comprising a seal positioned

on either or both of the inlet cap about the inlet and the outlet cap about the outlet.
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Embodiment 7. The pumping module of Embodiment 1, wherein the shaft is positioned
within and at least partially extends through the cylindrical housing along an axis of the

cylindrical housing.

Embodiment 8. The pumping module of Embodiment 7, wherein the rotor is magnetically

coupled to the shaft.

Embodiment 9. A pump for pumping fluid, comprising:
an outer housing comprising an inlet end and an outlet end,
a plurality of pumping modules positionable within the outer housing, each comprising:
a cylindrical housing comprising an inlet end and an outlet end;
a stator positioned within the cylindrical housing; and
a rotor positioned within the cylindrical housing and rotatable with respect to the
stator to push fluid through the cylindrical housing; and
the outer housing comprising a pressure rating higher than that of the cylindrical housings of

the pumping modules.

Embodiment 10. The pump of Embodiment 9, further comprising a shaft rotatable with
respect to the outer housing to rotate the rotors, wherein each pumping module further
comprises:

an inlet cap positioned on the inlet end of the cylindrical housing and comprising an inlet
formed through the inlet cap; and

an outlet cap positioned on the outlet end of the cylindrical housing and comprising an outlet

formed through the outlet cap.

Embodiment 11. The pump of Embodiment 10, wherein each pumping module further
comprises a shaft at least partially extending through each cylindrical housing with the shafts

of each pumping module coupled to each other to rotate in unison.

Embodiment 12. The pump of Embodiment 11, wherein the rotors are magnetically coupled

to the shafts within each pumping module.

Embodiment 13. The pump of Embodiment 10, wherein either one or both of the inlet cap
and the outlet cap of each pumping module is removable from the cylindrical housing such

that the rotor and stator are insertable into the cylindrical housing.

10
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Embodiment 14. The pump of Embodiment 10, wherein an annulus is formed between an
interior of the outer housing and an exterior of the cylindrical housings of the pumping

modules such that pressurized fluid is receivable in the annulus.

Embodiment 15. The pump of Embodiment 10, wherein each pumping module further
comprises a seal positioned on at least one of the inlet cap about the inlet and the outlet cap
about the outlet to form a seal against adjacent pumping modules, and wherein the inlet end

is fluidly connected with the inlet end of one of the pumping modules.

Embodiment 16. The pump of Embodiment 9, wherein each pumping module further
comprises a plurality of rotors and a plurality of stators, each rotor paired with a
corresponding stator such that each rotor and stator pair form a stage within each cylindrical

housing.

Embodiment 17. The pump of Embodiment 9, further comprising:

a platform;

a plurality of outer housings arranged on a platform, each outer housing comprising a
plurality of pumping modules positionable within the outer housing to define a plurality of
pumps,

wherein the plurality of pumps are configurable to pump fluid into a wellbore in a series
arrangement and in a parallel arrangement; and

wherein the plurality of pumps pump fluid into the wellbore at a higher pressure and a lower

flow rate in the series arrangement than in the parallel arrangement.

Embodiment 18. A method of pumping fluid into a wellbore, comprising:
arranging pumps into a series arrangement;

pumping fluid into the wellbore with the pumps;

arranging the pumps into a parallel arrangement;

pumping fluid into the wellbore with the pumps in the parallel arrangement.

Embodiment 19. The method of Embodiment 18, wherein the pumps pump fluid into the
wellbore at a higher pressure and a lower flow rate in the series arrangement than in the

parallel arrangement.

Embodiment 20. The method of Embodiment 18, further comprising:

11
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inserting pumping modules, each comprising a cylindrical housing, into outer housings to
form the pumps, the outer housings comprising pressure ratings higher than the cylindrical
housings; and

coupling a motor to each of the pumps.

[0031] One or more specific embodiments of the present disclosure have been described.
In an effort to provide a concise description of these embodiments, all features of an actual
implementation may not be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related constraints,
which may vary from one implementation to another. Moreover, it should be appreciated that
such a development effort might be complex and time-consuming, but would nevertheless be
a routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.

2%

[0032] In the following discussion and in the claims, the articles “a,” “an,” and “the” are

intended to mean that there are one or more of the elements. The terms “including,”
“comprising,” and “having” and variations thereof are used in an open-ended fashion, and

thus should be interpreted to mean “including, but not limited to ....” Also, any use of any

2% 29 CC

form of the terms “connect,” “engage,” “couple,” “attach,” “mate,

29 CC

mount,” or any other
term describing an interaction between elements is intended to mean either an indirect or a
direct interaction between the elements described. In addition, as used herein, the terms
“axial” and “axially” generally mean along or parallel to a central axis (e.g., central axis of a

body or a port), while the terms “radial” and “radially” generally mean perpendicular to the

2% 2% 2%

central axis. The use of “top,” “bottom,” “above,” “below,” “upper,” “lower,” “up,” “down,”

“vertical,” “horizontal,” and variations of these terms is made for convenience, but does not

require any particular orientation of the components.

[0033] Certain terms are used throughout the description and claims to refer to particular
features or components. As one skilled in the art will appreciate, different persons may refer
to the same feature or component by different names. This document does not intend to

distinguish between components or features that differ in name but not function.

29 CC

[0034] Reference throughout this specification to “one embodiment,” “an embodiment,”

2% 2% 2%

“an embodiment,” “embodiments,” “some embodiments,” “certain embodiments,” or similar

12
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language means that a particular feature, structure, or characteristic described in connection
with the embodiment may be included in at least one embodiment of the present disclosure.
Thus, these phrases or similar language throughout this specification may, but do not

necessarily, all refer to the same embodiment.

[0035] The embodiments disclosed should not be interpreted, or otherwise used, as
limiting the scope of the disclosure, including the claims. It is to be fully recognized that the
different teachings of the embodiments discussed may be employed separately or in any
suitable combination to produce desired results. In addition, one skilled in the art will
understand that the description has broad application, and the discussion of any embodiment
is meant only to be exemplary of that embodiment, and not intended to suggest that the scope

of the disclosure, including the claims, is limited to that embodiment.

13
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CLAIMS
What is claimed is:
1. A pumping module positionable within a pump housing for pumping fluid, comprising:
a cylindrical housing comprising an inlet end and an outlet end;
an inlet cap positioned on the inlet end of the cylindrical housing and comprising an
inlet formed through the inlet cap;
an outlet cap positioned on the outlet end of the cylindrical housing and comprising an
outlet formed through the outlet cap;
a shaft rotatable with respect to the cylindrical housing; and
a rotor positioned within the cylindrical housing and rotatable by the shaft to push

fluid through the cylindrical housing.

2. The pumping module of claim 1, further comprising a stator positioned within the
cylindrical housing with the rotor rotatable with respect to the stator to push fluid through

channels of the rotor and stator as the rotor rotates with respect to the stator.

3. The pumping module of claim 2, further comprising a plurality of rotors and a plurality of
stators, each rotor paired with a corresponding stator such that each rotor and stator pair form

a stage within the cylindrical housing.

4. The pumping module of claim 2, wherein either one or both of the inlet cap and the outlet
cap is removable from the cylindrical housing such that the rotor and stator are insertable into

the cylindrical housing.

5. The pumping module of claim 1, wherein either one of the inlet cap or the outlet cap is

integrally formed with the cylindrical housing.

6. The pumping module of claim 1, further comprising a seal positioned on either or both of

the inlet cap about the inlet and the outlet cap about the outlet.

7. The pumping module of claim 1, wherein the shaft is positioned within and at least

partially extends through the cylindrical housing along an axis of the cylindrical housing.

8. The pumping module of claim 7, wherein the rotor is magnetically coupled to the shaft.

14
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9. A pump for pumping fluid, comprising:

an outer housing comprising an inlet end and an outlet end;

a plurality of pumping modules positionable within the outer housing, each
comprising:
a cylindrical housing comprising an inlet end and an outlet end;
a stator positioned within the cylindrical housing; and
a rotor positioned within the cylindrical housing and rotatable with respect to

the stator to push fluid through the cylindrical housing; and
the outer housing comprising a pressure rating higher than that of the cylindrical

housings of the pumping modules.

10. The pump of claim 9, further comprising a shaft rotatable with respect to the outer
housing to rotate the rotors, wherein each pumping module further comprises:
an inlet cap positioned on the inlet end of the cylindrical housing and comprising an
inlet formed through the inlet cap; and
an outlet cap positioned on the outlet end of the cylindrical housing and comprising an

outlet formed through the outlet cap.

11. The pump of claim 10, wherein each pumping module further comprises a shaft at least
partially extending through each cylindrical housing with the shafts of each pumping module

coupled to each other to rotate in unison.

12. The pump of claim 11, wherein the rotors are magnetically coupled to the shafts within

each pumping module.

13. The pump of claim 10, wherein either one or both of the inlet cap and the outlet cap of
each pumping module is removable from the cylindrical housing such that the rotor and stator

are insertable into the cylindrical housing.

14. The pump of claim 10, wherein an annulus is formed between an interior of the outer
housing and an exterior of the cylindrical housings of the pumping modules such that

pressurized fluid is receivable in the annulus.

15. The pump of claim 10, wherein each pumping module further comprises a seal positioned

on at least one of the inlet cap about the inlet and the outlet cap about the outlet to form a seal

15
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against adjacent pumping modules, and wherein the inlet end is fluidly connected with the

inlet end of one of the pumping modules.

16. The pump of claim 9, wherein each pumping module further comprises a plurality of
rotors and a plurality of stators, each rotor paired with a corresponding stator such that each

rotor and stator pair form a stage within each cylindrical housing.

17. The pump of claim 9, further comprising:

a platform;

a plurality of outer housings arranged on a platform, each outer housing comprising a
plurality of pumping modules positionable within the outer housing to define a
plurality of pumps;

wherein the plurality of pumps are configurable to pump fluid into a wellbore in a
series arrangement and in a parallel arrangement; and

wherein the plurality of pumps pump fluid into the wellbore at a higher pressure and a

lower flow rate in the series arrangement than in the parallel arrangement.

18. A method of pumping fluid into a wellbore, comprising:
arranging pumps into a series arrangement;
pumping fluid into the wellbore with the pumps;
arranging the pumps into a parallel arrangement;

pumping fluid into the wellbore with the pumps in the parallel arrangement.

19. The method of claim 18, wherein the pumps pump fluid into the wellbore at a higher

pressure and a lower flow rate in the series arrangement than in the parallel arrangement.

20. The method of claim 18, further comprising:
inserting pumping modules, each comprising a cylindrical housing, into outer
housings to form the pumps, the outer housings comprising pressure ratings
higher than the cylindrical housings; and

coupling a motor to each of the pumps.

16
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