190 DANMARK (10)  DK/EP 3175122 T3

(91)

(49)

(80)

(86)
(86)
(87)
(86)
(87)
(30)

(84)

(73)

(72)

(74)
(94)

(96)

(12) Overseettelse af
europeeisk patentskrift

Patent- oQ
Varemaerkestyrelsen

Int.Cl.: F 04 F 13/00 (2009.01) E 21 B 43/16 (2006.01) E 21 B 43/26 (2006.01)

E 21 B 43/267 (2006.01)

Oversaettelsen bekendtgjort den: 2021-04-26

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2021-03-10

Europaeisk ansggning nr.: 15756707.4

Europaeisk indleveringsdag: 2015-07-31

Den europaeciske ansggnings publiceringsdag: 2017-06-07

International ansggning nr.: US2015043267

Internationalt publikationsnr.: WO2016019325

Prioritet:  2014-07-31 US 201462031487 P 2015-07-30 US 201514813850

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

Patenthaver: Energy Recovery, Inc., 1717 Doolittle Drive, San Leandro, California, 94577, USA

Opfinder: RICHTER, Mark, 1717 Doolittle Drive, San Leandro, California 94577, USA
WINKLER, Felix, 1717 Doolittle Drive, San Leandro, California 94577, USA

Fuldmaesgtig i Danmark: AWA Denmark A/S, Strandgade 56, 1401 Kebenhavn K, Danmark

Benaevnelse: TRYKVEKSLINGSSYSTEM MED MOTORSYSTEM.

Fremdragne publikationer:
EP-B1- 0 298 097

CN-A- 101 865 191
US-A1- 2007 137 170
US-A1- 2009 185 917
US-A1-2010 014 997



DK/EP 3175122 T3



DK/EP 3175122 T3

DESCRIPTION

BACKGROUND

[0001] This section Is intended to Iintroduce the reader to various aspects of art that may be
related to various aspects of the present invention, which are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information to
facilitate a better understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read In this light, and not as admissions
of prior art.

[0002] Well completion operations Iin the oill and gas industry often involve hydraulic fracturing
(often referred to as fracking or fracing) to increase the release of oll and gas In rock
formations. Hydraulic fracturing involves pumping a fluid (e.g., frac fluid) containing a
combination of water, chemicals, and proppant (e.g., sand, ceramics) into a well at high
pressures. The high pressures of the fluid increases crack size and crack propagation through
the rock formation to release oil and gas, while the proppant prevents the cracks from closing
once the fluid is depressurized. Fracturing operations use high-pressure pumps to increase the
pressure of the frac fluid. Unfortunately, the proppant in the frac fluid may interfere with the

operation of the rotating equipment. In certain circumstances, the solids may slow or prevent
the rotating components from rotating.

[0003] The document US 2009/0185917 A1 describes a pressure exchanger having a
pressure vessel with ports acting as inlets and outlets and a rotatable valve element arranged
In the center of the pressure exchanger. The pressure exchanger further includes exchange
ducts that are fixedly mounted in the pressure vessel and that are alternatingly exposed to high
pressure or low pressure as the valve element rotates.

[0004] The document US 2010/0014997 A1 relates to a split chamber pressure exchanger In
which a pressure exchange chamber is split into two parts so that the fluids cannot be mixed.
Each chamber part includes a piston and the pistons of the two chamber parts are coupled.
The use of a pressure exchanger in mining to displace residual processing water with clean
water iIs mentioned.

SUMMARY

[0005] The Invention 1s defined In the Independent claims. The dependent claims describe
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0006] Various features, aspects, and advantages of the present invention will become better
understood when the following detailed description is read with reference to the accompanying
figures in which like characters represent like parts throughout the figures, wherein:

FIG. 1 I1s a schematic diagram of an embodiment of a hydraulic energy transfer system with a
motor system;

FIG. 2 1s an exploded perspective view of an embodiment of a rotary IPX;

FIG. 3 Is an exploded perspective view of an embodiment of a rotary IPX in a first operating
position;

FIG. 4 1s an exploded perspective view of an embodiment of a rotary IPX in a second operating
position;

FIG. 5 Is an exploded perspective view of an embodiment of a rotary IPX in a third operating
position;

FIG. 6 1s an exploded perspective view of an embodiment of a rotary IPX in a fourth operating
position;

FIG. 7 1s a cross-sectional view of an embodiment of a rotary IPX with a motor system;

FIG. 8 I1s a cross-sectional view of an embodiment of a rotary IPX and a motor system within
line 8-8 of FIG. 7;

FIG. 9 1s a cross-sectional view of an embodiment of a rotary IPX and a motor system within
line 8-8 of FIG. 7;

FIG. 10 I1s a cross-sectional view of a portion of an embodiment of a rotary IPX system with a
motor system within line 8-8 of FIG. 7;

FIG. 11 iIs a side view of embodiment of a motor system that drives multiple rotary IPXs; and

FIG. 12 Is a cross-sectional side view of an embodiment of a hydraulic motor system coupled
to a rotary IPX.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0007] One or more specific embodiments of the present invention will be described below.
These described embodiments are only exemplary of the present invention. Additionally, in an
effort to provide a concise description of these exemplary 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,
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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.

[0008] As discussed In detail below, the frac system or hydraulic fracturing system includes a
hydraulic energy transfer system that transfers work and/or pressure between a first fluid (e.g.,
a pressure exchange fluid, such as a substantially proppant free fluid) and a second fluid (e.g.,
frac fluid, such as a proppant-laden fluid). For example, the first fluid may be at a first pressure
between approximately 5,000 kPa to 25,000 kPa, 20,000 kPa to 50,000 kPa, 40,000 kPa to
75,000 kPa, 75,000 kPa to 100,000 kPa or greater than a second pressure of the second fluid.
In operation, the hydraulic energy transfer system may or may not completely equalize
pressures between the first and second fluids. Accordingly, the hydraulic energy transfer
system may operate isobarically, or substantially isobarically (e.g., wherein the pressures of the
first and second fluids equalize within approximately +/- 1, 2, 3,4, 5,6, 7, 8, 9, or 10 percent of
each other).

[0009] The hydraulic energy transfer system may also be described as a hydraulic protection
system a, hydraulic buffer system, or a hydraulic isolation system, because it blocks or limits
contact between a frac fluid and various hydraulic fracturing equipment (e.g., high-pressure
pumps), while still exchanging work and/or pressure between the first and second fluids. By
blocking or limiting contact between various pieces of hydraulic fracturing equipment and the
second fluid (e.g., proppant containing fluid), the hydraulic energy transfer system reduces
abrasion and wear, thus Iincreasing the life and performance of this equipment (e.g., high-
pressure pumps). Moreover, the hydraulic energy transfer system may enable the frac system
to use less expensive equipment In the fracturing system, for example, high-pressure pumps
that are not designed for abrasive fluids (e.g., frac fluids and/or corrosive fluids). In some
embodiments, the hydraulic energy transfer system may be a rotating isobaric pressure
exchanger (e.g., rotary IPX). Rotating isobaric pressure exchangers may be generally defined
as devices that transfer fluid pressure between a high-pressure Inlet stream and a low-
pressure inlet stream at efficiencies in excess of approximately 50%, 60%, 70%, 80%, or 90%
without utilizing centrifugal technology.

[0010] In operation, the hydraulic energy transfer system transfers work and/or pressure
between first and second fluids. These fluids may be multi-phase fluids such as gas/liquid
flows, gas/solid particulate flows, liquid/solid particulate flows, gas/liquid/solid particulate flows,
or any other multi-phase flow. For example, the multi-phase fluids may Iinclude sand, solid
particles, powders, debris, ceramics, or any combination therefore. These fluids may also be
non-Newtonian fluids (e.g., shear thinning fluid), highly viscous fluids, non-Newtonian fluids
containing proppant, or highly viscous fluids containing proppant. To facilitate rotation, the
hydraulic energy transfer system may couple to a motor system (e.g., electric motor,
combustion engine, hydraulic motor, pneumatic motor, and/or other rotary drive). In operation,
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the motor system enables the hydraulic energy transfer system to rotate with highly viscous
and/or fluids that have solid particles, powders, debris, etc. For example, the motor system
may facllitate startup with highly viscous or particulate laden fluids, which enables a rapid start
of the hydraulic energy transfer system. The motor system may also provide additional force
that enables the hydraulic energy transfer system to grind through particulate to maintain a
proper operating speed (e.g., rpm) with a highly viscous/particulate laden fluid. In some
embodiments, the motor system may also facilitate more precise mixing between fluids In
hydraulic energy transfer system, by controlling an operating speed.

[0011] FIG. 1 I1s a schematic diagram of an embodiment of a frac system 8 (e.g., fluid handling
system) with a hydraulic energy transfer system 10 coupled to a motor system 12. As
explained above, the motor system 12 facilitates rotation of the hydraulic energy transfer
system 10 when using highly viscous and/or particulate laden fluids. For example, during well
completion operations the frac system 8 pumps a pressurized particulate laden fluid that
Increases the release of oil and gas in rock formations 14 by propagating and increasing the
size of cracks 16. In order to block the cracks 16 from closing once the frac system 8
depressurizes, the frac system 8 uses fluids that have solid particles, powders, debris, etc. that
enter and keep the cracks 16 open.

[0012] In order to pump this particulate laden fluid into the well, the frac system 8 may include
one or more first fluid pumps 18 and one or more second fluid pumps 20 coupled to the
hydraulic energy transfer system 10. For example, the hydraulic energy transfer system 10
may be a rotary IPX. In operation, the hydraulic energy transfer system 10 transfers pressures
without any substantial mixing between a first fluid (e.g., proppant free fluid) pumped by the
first fluid pumps 18 and a second fluid (e.g., proppant containing fluid or frac fluid) pumped by
the second fluid pumps 20. In this manner, the hydraulic energy transfer system 10 blocks or
imits wear on the first fluid pumps 18 (e.g., high-pressure pumps), while enabling the frac
system 8 to pump a high-pressure frac fluid into the well 14 to release oil and gas. In order to
operate In corrosive and abrasive environments, the hydraulic energy transfer system 10 may
be made from materials resistant to corrosive and abrasive substances in either the first and
second fluids. For example, the hydraulic energy transfer system 10 may be made out of
ceramics (e.g., alumina, cermets, such as carbide, oxide, nitride, or boride hard phases) within
a metal matrix (e.g., Co, Cr or Ni or any combination thereof) such as tungsten carbide Iin a
matrix of CoCr, Ni, NICr or Co.

[0013] FIG. 2 1s an exploded perspective view of an embodiment of a rotary isobaric pressure
exchanger 40 (rotary |IPX) capable of transferring pressure and/or work between first and
second fluids (e.g., proppant free fluid and proppant laden fluid) with minimal mixing of the
fluids. The rotary IPX 40 may include a generally cylindrical body portion 42 that includes a
sleeve 44 (e.g., rotor sleeve) and a rotor 46. The rotary IPX 40 may also include two end caps
48 and 50 that include manifolds 52 and 54, respectively. Manifold 52 includes respective inlet
and outlet ports 56 and 58, while manifold 54 includes respective inlet and outlet ports 60 and
62. In operation, these Inlet ports 56, 60 enabling the first and second fluids (e.g., proppant
free fluid) to enter the rotary IPX 40 to exchange pressure, while the outlet ports 58, 62 enable
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the first and second fluids to then exit the rotary IPX 40. In operation, the Inlet port 56 may
receive a high-pressure first fluid, and after exchanging pressure, the outlet port 58 may be
used to route a low-pressure first fluid out of the rotary IPX 40. Similarly, the inlet port 60 may
receive a low-pressure second fluid (e.g., proppant containing fluid, frac fluid) and the outlet
port 62 may be used to route a high-pressure second fluid out of the rotary IPX 40. The end
caps 48 and 50 include respective end covers 64 and 66 disposed within respective manifolds
52 and 54 that enable fluid sealing contact with the rotor 46. The rotor 46 may be cylindrical
and disposed In the sleeve 44, which enables the rotor 46 to rotate about the axis 68. The
rotor 46 may have a plurality of channels 70 extending substantially longitudinally through the
rotor 46 with openings 72 and 74 at each end arranged symmetrically about the longitudinal
axis 68. The openings 72 and 74 of the rotor 46 are arranged for hydraulic communication with
Inlet and outlet apertures /6 and 78; and 80 and 82 in the end covers 52 and 54, In such a
manner that during rotation the channels 70 are exposed to fluid at high-pressure and fluid at
low-pressure. As Illustrated, the inlet and outlet apertures 76 and 78; and 80 and 82 may be
designed Iin the form of arcs or segments of a circle (e.g., C-shaped).

[0014] In some embodiments, a controller using sensor feedback may control the extent of
mixing between the first and second fluids in the rotary IPX 40, which may be used to improve
the operability of the fluid handling system. For example, varying the proportions of the first
and second fluids entering the rotary IPX 40 allows the plant operator to control the amount of
fluid mixing within the hydraulic energy transfer system 10. Three characteristics of the rotary
IPX 40 that affect mixing are: (1) the aspect ratio of the rotor channels 70, (2) the short
duration of exposure between the first and second fluids, and (3) the creation of a fluid barrier
(e.g., an Interface) between the first and second fluids within the rotor channels 70. First, the
rotor channels 70 are generally long and narrow, which stabilizes the flow within the rotary IPX
40. In addition, the first and second fluids may move through the channels 70 in a plug flow
regime with minimal axial mixing. Second, In certain embodiments, the speed of the rotor 46
reduces contact between the first and second fluids. For example, the speed of the rotor 46
may reduce contact times between the first and second fluids to less than approximately 0.15
seconds, 0.10 seconds, or 0.05 seconds. Third, a small portion of the rotor channel 70 is used
for the exchange of pressure between the first and second fluids. Therefore, a volume of fluid
remains In the channel 70 as a barrier between the first and second fluids. All these
mechanisms may limit mixing within the rotary IPX 40. Moreover, iIn some embodiments, the
rotary IPX 40 may be designed to operate with internal pistons that isolate the first and second
fluids while enabling pressure transfer.

[0015] FIGS. 3-6 are exploded views of an embodiment of the rotary IPX 40 illustrating the
sequence of positions of a single channel 70 In the rotor 46 as the channel 70 rotates through
a complete cycle. It is noted that FIGS. 3-6 are simplifications of the rotary IPX 40 showing one
channel 70, and the channel 70 is shown as having a circular cross-sectional shape. In other
embodiments, the rotary IPX 40 may Include a plurality of channels 70 with the same or
different cross-sectional shapes (e.g., circular, oval, square, rectangular, polygonal, etc.).
Thus, FIGS. 3-6 are simplifications for purposes of illustration, and other embodiments of the
rotary |IPX 40 may have configurations different from that shown in FIGS. 3-6. As described In
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detail below, the rotary IPX 40 facilitates pressure exchange between first and second fluids
(e.g., proppant free fluid and proppant-laden fluid) by enabling the first and second fluids to
briefly contact each other within the rotor 46. In certain embodiments, this exchange happens
at speeds that result in limited mixing of the first and second fluids.

[0016] In FIG. 3, the channel opening 72 is In a first position. In the first position, the channel
opening 72 i1s In fluid communication with the aperture 78 in endplate 64 and therefore with the
manifold 52, while the opposing channel opening 74 i1s In hydraulic communication with the
aperture 82 in end cover 66 and by extension with the manifold 54. As will be discussed below,
the rotor 46 may rotate in the clockwise direction indicated by arrow 84. In operation, low-
pressure second fluid 86 passes through end cover 66 and enters the channel 70, where It
contacts the first fluid 88 at a dynamic fluid interface 90. The second fluid 86 then drives the
first fluid 88 out of the channel 70, through end cover 64, and out of the rotary IPX 40.
However, because of the short duration of contact, there is minimal mixing between the second
fluid 86 and the first fluid 88.

[0017] In FIG. 4, the channel 70 has rotated clockwise through an arc of approximately 90
degrees. In this position, the outlet 74 1s no longer In fluid communication with the apertures 80
and 82 of end cover 66, and the opening 72 Is no longer In fluild communication with the
apertures /6 and /8 of end cover 64. Accordingly, the low-pressure second fluid 86 Is
temporarily contained within the channel 70.

[0018] In FIG. 5, the channel 70 has rotated through approximately 60 degrees of arc from the

position shown in FIG. 6. The opening 74 is now In fluid communication with aperture 80 in end
cover 66, and the opening 72 of the channel 70 i1s now In fluid communication with aperture 76

of the end cover 64. In this position, high-pressure first fluid 88 enters and pressurizes the low-

pressure second fluid 86 driving the second fluid 86 out of the fluid channel 70 and through the
aperture 80 for use In the frac system 8.

[0019] In FIG. 6, the channel 70 has rotated through approximately 270 degrees of arc from
the position shown In FIG. 6. In this position, the outlet 74 I1s no longer In fluld communication
with the apertures 80 and 82 of end cover 66, and the opening 72 1s no longer In fluid
communication with the apertures /6 and 78 of end cover 64. Accordingly, the first fluid 88 Is
no longer pressurized and iIs temporarily contained within the channel 70 until the rotor 46
rotates another 90 degrees, starting the cycle over again.

[0020] FIG. 7 Is a cross-sectional view of an embodiment of a motor system 12 (e.g., external
motor system) coupled to a rotary IPX 40. As illustrated, the motor system 12 includes a shaft
98 that couples to the rotor 46 through a casing 100. Specifically, the shaft 98 extends through
an aperture 102 in the casing 100, an aperture 104 in the end cover 64, and into an aperture
106 In the rotor 46. To facilitate rotation of the shaft 98, the motor system 12 may also include
one or more bearings 108 that support the shaft 98. The bearings 108 may be within or without
the casing 100. In some embodiments, the shaft 98 may extend completely through the rotor
46 and the end cover 66 enabling the shaft 98 to be supported by bearings 108 on opposite
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sides of the rotor 46.

[0021] In operation, the motor system 12 facilitates operation of the rotary IPX 40 by providing
torque for grinding through particulate, maintaining the operating speed of the rotor 46,
controlling the mixing of fluids within the rotary IPX 40 (e.g., changing the rotating speed of the
rotor 46), or starting the rotary IPX 40 with highly viscous or particulate laden fluids. As
llustrated, a controller 110 couples to the motor system 12 and one or more sensors 112 (e.g.,
flow, pressure, torque, rotational speed sensors, acoustic, magnetic, optical, etc.). In operation,
the controller uses feedback from the sensors 112 to control the motor system 12. The
controller 110 may Include a processor 114 and a memory 116 that stores non-transitory
computer instructions executable by the processor 114. For example, as the controller 110
receives feedback from one or more sensors 112, the processor 114 executes instructions
stored in the memory 116 to control power output from the motor system 12.

[0022] The instructions stored in the memory 116 may include various operating modes for the
motor system 12 (e.g., a startup mode, a speed control mode, a continuous power mode, a
periodic power mode, etc.). For example, Iin startup mode, the controller 110 may execute
Instructions in the memory 116 that signals the motor system 12 to begin rotating a shaft 98.
As the motor system 12 operates, the sensors 112 may provide feedback to the controller 110
that Iindicates whether the shaft 98 iIs rotating at the proper speed (e.g., rom) or within a
threshold range. When the shaft 98 reaches the desired speed or range, the controller 110
may signal the motor system 12 to stop rotating the shaft 98 enabling the first and second
fluids flowing through the rotary IPX 40 to take over and provide the rotational power to the
rotor 46. However, In some embodiments, the rotary IPX 40 may use the motor system 12 to
periodically supplement rotation of the rotor 46 (e.g., a periodic power mode). For example,
during steady state operation of the rotary IPX 40, the rotor 46 may slow as particulate enters
a gap 120 between the rotor 46 and a sleeve 44, a gap 122 between the rotor 46 and first end
cover 64, and/or a gap 124 between the rotor 46 and a second end cover 66. Over time, the
particulate may slow the rotor 46 if the rotor 46 1s unable to grind or breakup the particulate
fast enough to return the rotary IPX 40 to a steady state rotating speed. In these situations, the
controller 110 may receive feedback from sensors 112 indicating that the rotor 46 is slowing or
outside a threshold range. The controller 110 may then signal the motor system 12 to provide
power to the shaft 98 that returns the rotor 46 to a steady state rotating speed or threshold
range. After returning the rotor 46 to the proper rotating speed, the controller 110 may again
shutdown the motor system 12. In some embodiments, the motor system 12 may provide
continuous input/control of the rotor 46 rotating speed (e.g., a continuous power mode and/or
speed control mode). For example, in some embodiments, the rotary IPX 40 may operate with
fluids that have mixing requirements (e.g., exposure requirements). In other words, the rotary
IPX 40 may limit the exposure between the first and second fluids to block or Iimit the amount
of the first fluid exiting the rotary IPX 40 with the second fluid through the aperture 78.

[0023] FIG. 8 Is a cross-sectional view of an embodiment of a rotary IPX 40 and a motor
system 12 within line 8-8 of FIG. 7. In the embodiment of FIG. 8, the motor system 12 Is an
electric motor with permanent magnets 160 circumferentially spaced about the rotor 46 that
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Interact with electromagnets 162 (e.g., stator windings) within the sleeve 44 (e.g., the stator).
In some embodiments, the sleeve 44 may include the permanent magnets 160 while the rotor
46 Includes electromagnets 162, or the rotor 46 and sleeve 44 may both Include
electromagnets 162. Furthermore, in some embodiments, the sleeve 44 or rotor 46 may be
completely or partially made out of a magnetic material (e.g., permanent magnetic material)
that interacts with the electromagnets 162. As illustrated, the electromagnets 162 (e.g., stator
windings) and permanent magnets 160 rest within the sleeve 44 and rotor 46 respectively to
protect them from contact with fluids flowing through the rotary IPX. However, iIn some
embodiments, the electromagnets 162 (e.g., stator windings) and/or permanent magnets 160
may be placed on external surfaces of the sleeve 44 and rotor 46.

[0024] In operation, the controller 110 (e.g., a variable frequency drive) controls the rotation of
the rotor 46 by turning the electromagnets 162 on and off to attract and/or repel the permanent
magnets 160. The opposing field will cause the rotor to rotate at a speed proportional to the
frequency of the applied alternating current. As the magnets 1606, 162 attract and/or repel
each other they drive rotation or reduce rotation of the rotor 46. In this way, the power from the
motor system 12 facilitates operation of the rotary IPX 40 by enabling the rotor 46 to grind
through particulate, maintain a specific operating speed, control the mixing of fluids within the
rotary IPX 40 (e.g., controlling rotating speed of the rotor 46), or starting the rotary IPX 40 with
highly viscous or particulate laden fluids. In some embodiments, the controller 110 may control
operation of the motor system In response to feedback from one or more sensors 112 (e.qg.,
flow, pressure, torque, rotational speed sensors, acoustic, magnetic, optical, vibration, etc.).

[0025] In certain embodiments, the motor system 12 may be used to generate electricity. For
example, the rotor 46 may be spinning at a first speed caused by the motion of the fluids
through the rotary IPX 40. The controller 110 may then be used to cause the motor system 12
to slow the rotor 46 to a second speed that Is less than the first speed. As a result of the
Induction generation effect, electricity will be generated by the electromagnetic fields, which
may then be used for various purposes. For example, the generated electricity may be used to
power other electrical components associated with the rotary IPX 40, such as onboard
diagnostic and/or monitoring systems.

[0026] In addition, by controlling the speed of the rotor 46 using the disclosed embodiments of
the motor system 12, the speed of the rotor 46 may be known directly. The speed of the rotor
46 may then be used by the controller 110 or other systems to monitor and/or control the
operation of the rotary IPX 40. For example, If the rotational speed of the rotor 46 Is below a
first threshold, which may indicate undesired operation of the rotary IPX 40, the controller 110
may send appropriate signals to increase the speed of the rotor 46 using the motor system 12.
Similarly, iIf the speed of the rotor 46 I1s above a second threshold, which may also indicate
undesired operation of the rotary IPX 40, the controller 12 may reduce the speed of the rotor
46. Undesired operation of the rotary IPX 40, as indicated by the a sensor or electrical
feedback from electronics (e.g., indicated by a high power requirement to cause the rotor 46
spin), may be used to schedule preventative maintenance of the rotary |IPX 40, thereby
reducing maintenance costs associated with operating the rotary IPX 40. In certain
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embodiments, the controller 110 may display a first indication (e.g., a green light) to indicate
operation of the rotary IPX 40 within the desired thresholds and display a second indication
(e.g., a red light) to indicate operation outside the desired thresholds. In addition, the controller
110 may display the speed of the rotor 46 on a display of the controller. In certain
embodiments, the controller 110 may activate an alarm or other indication If the speed of the
rotor 46 falls below the first threshold, requires high levels of power to maintain rotation,
exceeds the second threshold, exhibits a declining trend, exhibits an increasing trend, exhibits
a rapid change In speed, or any combination thereof, to enable an operator to take appropriate
action. In certain embodiments, the controller 110 may automatically take the appropriate
action based on the speed of the rotor 46 being outside or nearing a desired threshold. The
action taken by the operator or controller 110 may differ depending on the nature of the speed
anomaly, such as whether the change iIs gradual or sudden. In some embodiments, the
controller 110 may monitor various other parameters indicating the speed of the rotor 46 to
determine a desired control action.

[0027] FIG. 9 Is a cross-sectional view of an embodiment of a rotary IPX 40 and a motor
system 12 within line 8-8 of FIG. 7. In the embodiment of FIG. 9, the motor system 12 Is an
electric motor with permanent magnets 160 circumferentially spaced about the rotor 46 that
Interact with electromagnets 162 (e.g., stator windings) on an outer surface 180 of the casing
100. In some embodiments, the outer surface 180 of the rotary IPX 40 may include permanent
magnets 160 while the rotor 46 includes electromagnets 162, or both the outer surface 180 of
the rotary IPX 40 and the rotor 46 may have electromagnets 162. In certain embodiments, the
rotor 46 may be made out of a magnetic material that enables the entire rotor 46 to interact
with the electromagnets 162. By coupling the electromagnets 162 to the exterior surface 180 of
the rotary IPX 40, the motor system 12 protects the electromagnets 162 from fluid flowing
through the rotary IPX 40. Moreover, with the electromagnets 162 on an exterior surface 180
of the rotary IPX 40, the motor system 12 facilitates access to the electromagnets 162 for
maintenance and inspection. As explained above, In operation the controller 110 controls
power to the electromagnets 162 to drive rotation of the rotor 46, which enables the rotor 46 to
grind through particulate, maintain a specific operating speed, control the mixing of fluids within
the rotary IPX 40, or start the rotary IPX 40 with highly viscous or particulate laden fluids.

[0028] FIG. 10 i1s a cross-sectional view of an embodiment of a rotary IPX 40 and a motor
system 12 within line 8-8 of FIG. 7. In the illustrated embodiment, the rotary IPX 40 may not
Include a sleeve 44; instead, a center bearing post 190 (e.g., shaft) may be used to enable
rotation of the rotor 46. Specifically, the center bearing post 190 Is attached to the end covers
64, 66 and includes one or more permanent and/or electromagnets 162 (e.g., 1, 2, 3, 4, 5, or
more). Thus, decreasing the distance between the permanent and/or electromagnet(s) 162
and the permanent and/or electromagnet(s) 160 in the rotor 46, which increases the efficiency
of the Inductive coupling between the permanent and/or electromagnet 162 and the rotor 46
(e.g., If partially or completely made out of a magnetic material) or permanent and/or
electromagnet(s) 160 within the rotor 46. As Illustrated, with the permanent and/or
electromagnet(s) 162 disposed within the center bearing post 190, the rotary IPX 40 blocks
contact between the fluid flow and the permanent and/or electromagnet(s) 162. As explained
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above, In operation the controller 110 controls power to the electromagnets 160 and/or 162 to
drive rotation of the rotor 46 enabling the rotor 46 to grind through particulate, maintain a
specific operating speed, control the mixing of fluids within the rotary IPX 40, or starting the
rotary IPX system with highly viscous or particulate laden fluids (e.g., fracking fluids).

[0029] FIG. 11 I1s a side view of an embodiment of a motor system 12 capable of
simultaneously driving multiple rotary IPXs 40. For example, each rotary IPX 40 may include a
respective shaft 198 that couples to a rotor 46. The shafts 198 In turn couple to the shaft 98 of
the motor system 12 using connectors 200 (e.g., belts, chains, etc.). During operation, the
motor system 12 transfers rotational power from the shaft 98 to each of the rotary |IPXs 40,
thus driving multiple rotary IPXs 40 with one motor system 12. In the present embodiment,
there are two rotary IPXs 40 coupled to the motor system 12. However, in some embodiments,
there may be 1, 2, 3, 5, 10, 15, or more rotary IPXs 40 coupled to the motor system 12. For
example, the rotary |IPXs 40 may be circumferentially positioned about the motor enabling
multiple rotary IPXs 40 to couple to a single motor system 12.

[0030] In certain embodiments, the rotary IPXs 40 may include clutches 202 that selectively
connect and disconnect rotational input from the motor system 12. For example, the controller
110 may receive feedback from sensors 112 that indicates one or more of the rotary |IPXs 40
are slowing (e.g., unable to grind through particulate). Accordingly, the controller 110 may
close the corresponding clutches 202 enabling the motor system 12 to transfer rotational
energy to the appropriate rotary IPX(s) 40. As explained above, the controller 110 controls
when, how much, and for how long the motor drives rotation of the rotary |IPXs 40. The
controller 110 may control the motor based on sensor feedback from one rotary IPX, or from
multiple rotary IPXs 40. For example, the controller 110 may start the motor system 12 when
one rotary IPX Is unable to grind through particulate, maintain a specific operating speed, or
control the mixing of fluids within the rotary IPX 40. However, In other embodiments, the
controller 110 may start the motor system 12 only when more than one rotary IPX 40 needs
additional power.

[0031] FIG. 12 1s a cross-sectional side view of an embodiment of a motor system 12 (e.g.,
hydraulic motor) coupled to a rotary |IPX 40. The motor system 12 facilitates operation of the
rotary IPX 40 by providing torque for grinding through particulate, maintaining the operating
speed of the rotary IPX 40, controlling the mixing of fluids within the rotary IPX 40, or starting
the rotary IPX 40 with highly viscous or particulate laden fluids. For example, the hydraulic
motor system 12 may include a hydraulic turbine 220 coupled to the rotary IPX 40 with a shaft
98. In operation, the motor system 12 receives fluid flow (e.g., high-pressure proppant free
fluid) from a fluid source 222 that drives rotation of the hydraulic turbine 220 and therefore the
shaft 98. The fluid source 222 may be the same fluid source used to operate the rotary IPX 40
or a different fluid source. As the shaft 98 rotates, the shaft 98 rotates the rotor 46. In some
embodiments, the controller 110 may control a valve 224 in order to control fluid flow through
the hydraulic turbine 220. For example, as the controller 110 receives feedback from the
sensors 112 (e.qg., flow, pressure, torque, rotational speed sensors, acoustic, magnetic, optical,
etc.), the processor 114 executes non-transitory computer instructions stored in the memory
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116 to control the opening and closing of the valve 224, thus starting and stopping the
hydraulic turbine 220.

[0032] While the iInvention may be susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and have been
described In detail herein. However, It should be understood that the invention 1s not intended
to be limited to the particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the scope of the invention as defined by the following
appended claims.
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1. System, omfattende:

en roterende isobarisk trykveksler (IPX, 40) konfigureret til at veksle tryk mellem et
forste fluid og et andet fluid; og

et motorsystem (12) koblet til den roterende isobariske trykveksler (40) og konfigu-
reret til at drive den roterende isobariske trykveksler (40),

kendetegnet ved, at

motorsystemet (12) omfatter en elektrisk motor, hvor den elektriske motor omfatter
forste permanente magneter (160) eller fgrste elektromagneter pa en rotor (46) af den
roterende isobariske trykveksler (40) som er konfigureret til at interagere med anden per-
manente magneter eller anden elektromagneter (162), hvor de anden permanente magne-
ter eller anden elektromagneter (162) er koblet til en stang (190) som straekker sig gen-
nem rotoren (46).

2. System ifglge krav 1, hvor det forste fluid er et i det vaesentlige partikelfrit fluid
0g det andet fluid er et partikelholdigt fluid.

3. System ifglge krav 1 eller 2, hvor stangen er tilvejebragt ved en central lejestang
(190) af den roterende isobariske trykveksler (40).

4. System ifglge krav 3, hvor de anden permanente magneter eller anden elektro-
magneter (162) er anbragt inden i den centrale lejestang (190).

5. System ifglge krav 3 eller 4, hvor den centrale lejestang (190) er fastgjort til en-
dedaekker (64, 66) af den roterende isobariske trykveksler (40).

6. System ifglge et hvilket som helst af de foregaende krav, omfattende en styreen-
hed (110) med én eller flere driftstilstande som er konfigureret til at styre motorsystemet
(12), hvor den ene eller flere driftstilstande omfatter mindst én af en opstartstilstand, en
hastighedsstyringstilstand, en tilstand for kontinuerlig drift eller en tilstand for periodisk
drift.

7. System ifglge et hvilket som helst af de foregaende krav, yderligere omfattende et
frackingsystem (8), hvor den roterende isobariske trykveksler (40) og motorsystemet (12)
indgar i frackingsystemet (8).

8. System ifglge et hvilket som helst af de foregaende krav, hvor stangen (190) om-
fatter de anden permanente magneter eller de anden elektromagneter (162).

9. System ifglge krav 6, omfattende en sensor (112) konfigureret til at detektere om
den roterende isobariske trykveksler (40) roterer inden for et taerskelomrade, hvor styre-
enheden (110) kobler til sensoren (112) og styrer motorsystemet (12) som svar pa feed-
back fra sensoren (112).

10. Fremgangsmade, omfattende:

at overvage rotation af en rotor (46) i en roterende isobarisk trykveksler (IPX, 40);

at detektere en tilstand nar rotoren (46) roterer uden for et taerskelomrade; og

at drive et motorsystem (12) koblet til den roterende isobariske trykveksler (40) som
svar pa tilstanden, hvor motorsystemet (12) omfatter en elektrisk motor, hvor den elektri-
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ske motor omfatter fgrste permanente magneter (160) eller forste elektromagneter pa
rotoren (46) af den roterende isobariske trykveksler (40) som er konfigureret til at inter-
agere med anden permanente magneter eller anden elektromagneter (162), hvor de anden
permanente magneter eller anden elektromagneter (162) er koblet til en stang (190) som
straekker sig gennem rotoren (46).

11. Fremgangsmade ifglge krav 10, hvor at overvage rotation af rotoren (46) omfat-
ter at overvage en strgmningssensor, en tryksensor, en drejningsmomentsensor, en rota-
tionshastighedssensor, en akustisk sensor, en magnetisk sensor eller en optisk sensor med
en styreenhed (110).

12. Fremgangsmade ifglge krav 10 eller 11, hvor at drive motorsystemet (12) som
svar pa tilstanden omfatter at vaelge én eller flere driftstilstande, og hvor den ene eller
flere driftstilstande omfatter mindst én af en opstartstilstand, en hastighedsstyringstil-

stand, en tilstand for kontinuerlig drift eller en tilstand for periodisk drift.
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