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(57) Abstract: A tluid conditioning module (212) having a fluid inlet (214) and a fluid outlet (216) is provided. The fluid condition-
ing module (212) includes a first pump element (220), a second pump element (238), a pressure regulator (248), a controller (256),
and a prime mover (246) to impart rotational motion in the first and second pump elements. A first pump inlet (226) is in tluid com-
munication with the fluid inlet (214). A filter inlet (230) is in tluid communication with a first pump outlet (228) and a second pump
outlet (244), and a filter outlet (232) is in fluid communication with the fluid outlet (216). A pressure regulator inlet (250) and a
pressure regulator outlet (252) are in fluid communication with the filter outlet (232) and a recirculation conduit (234), respectively.
The control valve (254) has a first position and a second position, which allows fluid flow through the recirculation conduit (234).
The controller (256) adjusts operation of one or more of the prime mover (246) and the control valve (254) based upon a predeter -
mined parameter.



WO 2017/116597 ~~ i~ PCT/US2016/064129

N

10

o
W

20

Description

FLUID CONDITIONING MODULE

Technical Field

The present disclosure is related to a fluid delivery system of a
machine, and more particularly to a fluid conditioning module for the fluid

delivery system.

Background

Fluid delivery systems are used to transfer fluids, for example
tubrication oil, fuel, diesel exhaust fluid, etc., in machines associated with
various applications such as, agriculture, construction, and the like. A typical
fluid delivery system includes a tank, a pump, and a filter assembly. The pump
is used to transfer fluid from the tank via the filter assembly. The fluid stored in
the tank may contain contaminaunts that may damage one or more components of
a machine. Therefore, the filter assembly is provided which includes at least one
filter element that filters the contaminants from the fluid. In order to obtain a
desired level of filtration, the fluid may be recirculated through the filter
element.

For reference, U. S. publication number 2014/0021118 discloses
a fuel filtration system, a filter exchange module, and a method of replacing fuel
filters. The fuel filtration system includes an electric pump, a filter assembly,
and one or more conduits for fluidly connecting the electric pump and the filter

assembly 1u series with a fuel tank to define a kidney filtration loop.

Summary

In one aspect of the present disclosure, a fluid conditioning
module 1s disclosed. The fluid conditioning module has a thud inlet configured
for fluid communication with a fluid reservoir and a fluid outlet. The fluid
conditioning module includes a first pump element having a first pump inlet and
a first pump outlet. The first pump inlet is in fluid communication with the fluid
inlet of the module. The fluid conditioning module includes a filter mount
having a filter inlet and a filter outlet. The filter inlet 15 in fluid communication

with the first pump ocutlet and the filter outlet is in fluid communication with the
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fluid outlet. The fluid conditioning module includes a pressure regulator having
a pressure regulator inlet and a pressure regulator outlet. The pressure regulator
inlet s in fluid communication with the filter outlet and the pressure regulator
outlet is in fluid communication with a recirculation conduit.  The fluid
conditioning mwodule includes a control valve disposed in the recirculation
conduit, the control valve having a first position and a second position. Fluid
flow is allowed through the recirculation conduit when the control valve is in the
first position.

In another aspect of the present disclosure, a fluid conditioning
module is disclosed. The fluid conditioning module includes a first pump
element having a first pump inlet and a first pump outlet. The first pump inlet is
in fhud communication with the fluid inlet of the fluid conditioning module.
The fluid conditioning module includes a second pumyp element having a second
pump inlet and a second pump outlet. The second pump inlet is in flud
communication with the filter inlet. The fluid conditioning module includes a
prime mover connected to the first pump element and the second pump element.
The prime mover is configured to impart rotational motion to a first impeller in
the first pump element and a second impelier in the second pump element. The
fluid conditioning module includes a filter mount having a filter inlet and a filter
outlet. The filter inlet 15 in fluid communication with the first pump outlet and
the second pump outlet. The filter outlet is in fluid communication with the
fluid outlet. The fluid conditioning module includes a pressure regulator having
a pressure regulator inlet and a pressure regulator outlet. The pressure regulator
inlet 1s in fluid communication with the filter outlet and the pressure regulator
outlet is in fluid communication with a recirculation conduit.  The fluid
conditioning module includes a control valve disposed in the recirculation
conduit. The control valve has a first position and a second position. Fluid flow
is allowed through the recirculation conduit when the control valve is in the first
position. The fluid conditioning rmodule includes a controlier in operative
communication with one or more of the prime mover and the control valve. The
controller is contigured to adjust operation of one or more of the prirne mover
and control valve based upon a predetermined parameter.

In yet another aspect of the present disclosure, a tluid delivery

system for a machine is disclosed. The fluid delivery system includes a fluid
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reservoir. The fluid delivery system also includes a fluid conditioning module
having a fluid inlet configured for fluid communication with the fluid reservoir
and a fluid outlet. The fluid conditioning module includes a first pump element
having a first pump inlet and a first pump outlet. The first pump inlet is in fluid
communication with the fluid inlet of the fluid conditioning module. The fluid
conditioning module includes a second pump element having a second pump
inlet and a second pump outlet.  The second pump iolet is in fluid
communication with the filter inlet. The fluid conditioning module includes a
prime mover connected to the first purop element and the second pump element.
The prime mover is configured to impart rotational motion to a first impeller in
the first pump element and a second impeller in the second pump element. The
fluid conditioning module includes a filter mount having a filter inlet and a filter
outlet. The filter inlet 1s in fluid communication with the first pump outlet and
the second pump outlet. The filter outlet is in flutd communication with the
fluid outlet. The fluid conditioning module includes a pressure regulator having
a pressure regulator inlet and a pressure regulator outlet. The pressure reguiator
inlet 1s in fluid communication with the filter outlet and the pressure regulator
outlet 15 10 fluid communication with a recirculation conduit.  The fluid
conditioning module includes a control valve disposed in the recirculation
conduit. The control valve has a first position and a second position. Fluid flow
is allowed through the recirculation conduit when the control valve is in the first
position. The fluid conditioning module includes a controller in operative
communication with one or more of the prime mover and the contro} valve. The
controller 1s configured to adjust operation of one or more of the prime mover
and control valve based upon a predetermined parameter.

Other features and aspects of this disclosure will be apparent
from the following description and the accompanying drawings.

Brief Description of the Drawings

FIG. 1 i3 a side view of an exemplary machine embodied as a
vehicle; and
FIG. 2 1s a diagrammatic representation of a tluid delivery system

that can be employed by the exemplary machine of FIG. 1.
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Detailed Description

Wherever possible the same reference numbers will be used
throughout the drawings to refer to same or like parts. Moreover, references to
various elements described herein, are made collectively or tndividually when
there may be more than one element of the same type. However, such references
are rendered to merely aid the reader’s understanding of the present disclosure
and hence, to be considered exemplary in nature. Accordingly, it may be noted
that any such reference to elements in the singular ts also to be construed to
relate to the plural and vice versa without limiting the scope of the disclosure to
the exact number or type of such elements unless set forth explicitly in the
appended claims.

FIG. 1 iHustrates an exemplary machine 100 that 13 embodied 1n
the torm of a wheeled vehicle, for e.g,, a mining truck (as shown). The machine
100 may be used in a variety of applications including mining, road coustruction,
construction site preparation, etc. For example, the mining truck of the present
disclosure may be employed for hauling earth materials such as soil, debris, or
other naturally occurring deposits from a workstte. Although a mining truck 1s
depicted in FIG. 1, other types of mobile machines such as, but not limited to,
large wheel loaders, off highway trucks, articulated trucks, on-highway trucks,
tracked vehicles, for example excavators, dozers, shovels may be employed in
fieu of the mining truck. Alternatively, the machine 100 may also be a stationary
machine, for example a generator that may be adapted to generate electricity.

The machine 100 includes a frame 102, multiple wheel
assemblies 104, and an engine system 200, Each of the wheel assemblies 104
includes a wheel 108 mounted to a wheel hub 110, The wheel hub 110 is
rotatably supported on the frame 102, Further, the machine 100 may also
include a payload bed 112 and a hoist cylinder 114 that can be used to lift the
payload bed 112 relative to the frame 102. In some applications, there may be
more than one hoist cylinders associated with the machine 100, The machine
100 also includes an operator cab 116 disposed on the frame 102, The operator
cab 116 may include a plurality of operator controls and displays (not shown}
that are configured to operate the machine 100 and the payload bed 112, The

engine system 200 provides propulsion power to the wheel assemblies 104 and
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may also power other machine systerns, including varicus mechanical, electrical,
and hydraulic systems and/or components.

Referring to FIG. 2, a diagrammatic view of the engine system
200 1s illustrated in accordance with an embodiment of the present disclosure.
The engine system 200 includes an ioternal combustion engine 202 for power
production. The internal combustion engine 202 may be a fuel-based engine to
power the machine 100 by combustion of fuel, such as gasoline, diesel, or any
other petroleum products. Moreover, the internal combustion engine 202 may be
a gasoline engive, a diesel engine, or any other kind of engine utilizing
combustion of fuel for generation of power. Therefore, any type of fuel
commonly known in the art may be used without deviating from the spirit of the
present disclosure. The internal combustion engine 202 may be configured to
operate in a normal operating condition and a priming operating condition. In
normal operating condition, fuel may be injected, via multipie fuel injectors (not
shown), into one or more combustion chambers for combustion and thereby
propelling the machine 100, Further, in the priming operating condition, fuel
may be sprayed into the combustion chambers at the start of the internal
combustion engine 202. The priming operating condition may also refer to
spraving of fuel during maintenance and/or serving of the internal combustion
engine 202 A higher level of fuel filtration may be desired during the normal
operating condition than the priming operating condition of the internal
combustion engine 202, The present disclosure relates to a fluid delivery systern
204 that is embodied as a fuel delivery system of the engine system 200
Additionally or alternatively, the fluid delivery system 204 may be also be
conveniently implemented in vartous other fluid systems of the machine 100.

In an embodiment, the fluid delivery system 204 may be in fluid
communication with the injectors for providing fluid to the internal combustion
engine 202. In another embodiment, the fluid delivery system 204 may be in
flurd communication with a fuel storage rail (not shown) of the internal
combustion engine 202.

The fluid delivery system 204 way include a fluid reservoir 206
having a tank inlet 208 and a tank cutlet 210. In an exemplary embodiment, the
fluid reservoir 206 is a fuel tank of the machine 100. The tank inlet 208 is in

fluid communication with the internal combustion engine 202, via a fhuid return
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conduit 211, The thud delivery system 204 further includes a fhuid conditioning
module 212 in fluid communication with the internal combustion engine 202 and
the fluid reservoir 206, The fluid conditioning module 212 has a fluid inlet 214
configured for fluid communication with the tank outlet 210, and a fluid ocutlet
216 configured for fluid communication with the internal combustion engine
202, via a fluid outlet conduit 218, The fluid conditioning module 212 is
configured to cooperate with a petroleurn distillate fluid, such as gasoline, diesel,
natural gas, petroleum gas or the like.

As shown 1o FIG 2, the fluid conditioning module 212 includes a
first pump element 220 and a filter mount 222 that are connected in series with
the fluid reservoir 206 using a set of conduits 224A, 224B. The first pump
element 220 has a first pump inlet 226 that is in fluid communication with the
fluid inlet 214, via the conduit 224A, and a first pump outlet 228 that 1s in fluid
communication with the filter mount 222, via the conduit 224B. The first pump
element 220 includes a first impeller (not shown) that may be rotated at a
rotational speed to increase a flow rate and a pressure of the fluid flowing
therethrough. In an exemplary embodiment, the first pump element 220 s a
positive displacement pump. The first pump element 220 may be any type of
positive displacement pump, such as a rotary-type displacement pump, a
reciprocating-type  positive displacement pump, a linear-type positive
displacement pump. Further, during operation of the first pump element 220, a
fluid flow 1s obtained from the fluid reservoir 206 to the filter mount 222 due to
a rotation of the first impeller.

Further, the filter mount 222 has a filter inlet 230 that is
connected to the first pump outlet 228, via the conduit 2248, and a filter outlet
232 that 1s connected to the fluid outlet 216 for discharge of fluid to the internal
combustion engine 202, In an embodiment, the filter mount 222 is configured to
receive a removable filter assembly (not shown) therein, that includes one or
more filter elements (not shown) for filtration of fluid flowing therethrough.
Further, a recirculation conduit 234 is connected between the filter outlet 232
and the fluid 1nlet 214 such that a first recirculation loop 236 is defined. In
particular, a portion of fluid flow post filtration enters the internal combustion
engine 202 and another portion of fluid tlow is received in the recirculation

conduit 234 for transfer to the first pump element 220.
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The fluid conditioning module 212 further includes a second
pump element 238 that is connected in parallel with the filter mount 222 via a set
of conduits 240A, 240B. The second pump element 238 has a second pump inlet
242 and a second pump outlet 244. The second pump mlet 242 is in fluid
communication with the recirculation conduit 234 via the conduit 240A. The
second pump outlet 244 is in fluid communication with the conduit 224B, via the
conduit 2408 such that a second recirculation loop 243 is defined. Further, the
second pump element 238 is configured to draw a portion of the fluid from the
recirculation conduit 234, via the conduit 240A while avnother portion of fluid
flows through the recirculation conduit 234, Specifically, the second pump
element 238 draws fluid from the recirculation conduit 234 and supplies to the
conduit 2408 for further filtration by the filter mount 240. In an embodiment,
the second pump element 238 includes a second impeller (not shown) that may
be rotated at a rotational speed to increase a flow rate and a pressure of the fluid
flowing though the second 1mpeller.

In an exemplary embodiment, the second pump element 238 is a
centrifugal pump. The second pump element 238 pump may be a single-stage
centrifugal pump, a two-stage centrifugal purp, and a multi-stage centrifugal
pump. However, it will be appreciated that either the first pump element 220 or
the second pump element 238 may be any type of turbomachine, i.e. a positive
displacement pump, a centrifugal pump, or may be any other pump known in the
art.

In the embodiment of FIG. 2, the fluid conditioning module 212
includes a prime mover 246 operably coupled to the first pump element 220 and
the second pump element 238, The prime mover 246 is configured to impart
rotational motion to the first impeller in the first pump element 220 and the
second impelior in the second pump element 238, The prime mover 246 may be
an engine driven pump, a hydraulic power source, a pneumatic power source, or
combinations thereof. Tuo an exemplary embodiment, the prirmne mover 246 1s a
variable speed electric motor. In another embodiment, the prime mover 246 may
be a constant speed electric motor.  Further, a power source {(not shown), for
example a battery, may also be electrically coupled to the prime mover 246,

In an exemplary embodiment, the prime mover 246 may be

configured to drive the first impelier and the second impeller continuously for a
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predetermined time. The prime mover 246 may also be configured to selectively
drive each of the first pump element 220 and the second pump element 238. For
example, the prime mover 246 may drive the first pump element 220 at a first
speed for a first predetermined time and the second pump element 238 at a
second speed for a second predetermined time.  After the second predetermined
time, the prime mover 246 may stop driving the second pump element 238,
while may continue to drive the first pump element 220, Moreover, though in
the illustrated embodiment the prime mover 246 drives both the first pump
element 220 and the second pump element 238, a pair of power sources, similar
to the prime mover 246, may be provided to power each of the first pump
element 220 and the second pump element 23§, independently.

As shown in FIG. 2, the fluid conditioning module 212 also
includes a pressure regulator 248 that is provided in the recirculation conduit
234, The pressure regulator 248 has a pressure regulator inlet 250 that s in fluid
communication with the fluid outlet 216, and a pressure regulator outlet 252 that
is in fluid communication with the recirculation conduit 234 and the conduit
240A. The pressure regulator 248 is configured to maintain a pressure gradient
at the fluid outlet 216 such that the fluid may be transferred to the internal
combustion engine 202 at a predetermined pressure. In an embodiment, the
pressure regulator 248 may include a valve element (not shown) that provides
variable restriction to fluid flow, thereby regulating i.e. increasing or decreasing
a pressure of fluid flowing therethrough.

The fluid conditioning module 212 further includes a control
valve 254 disposed downstream of the pressure regulator 248 in the recirculation
conduit 234. The control valve 254 has a first position and a second position. In
the first position of the control valve 254, fluid flow is allowed through the
recirculation conduit 234, In the second position, fluid flow is allowed through
the conduit 240A. The control valve 254 may include a valve element, a valve
actuator, and a body. The valve element may be configured to actuate between
the first position in which fluid flow to the fluid inlet 214 is allowed, and the
second position in which fluid flow to the second purup element 238 is allowed.
The valve actuator may be configured to actuate the valve element based on

signals and/or user inputs.
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The fluid conditioning module 212 includes a controller 256 in
operative communication with one or more of the prime mover 246 and the
control valve 254. The controlier 256 is configured to adjust operation of one or
more of the prime mover 246 and the control valve 254, based upon a
predetermined parameter. The controller 256 may communicate, via one or
more wires and/or wirelessly, with the one or more of the prime mover 246 and
the control valve 254 to adjust operation thereof. To the illustrated embodiment
of FIG. 2, the controller 256 is in operative communication with each of the
prime mover 246, the control valve 254, and the internal combustion engine 202
The controller 256 is configured to actuate the control valve 254 between the
first position and the second position, based on the predetermined parameter. In
an embodiment, the predetermined parameter ts an operating parameter of the
internal combustion engine 202, The controller 256 may be configured to detect
the priming condition and the normal operating condition of the internal
combustion engine 202, based on the operating parameter of the internal
combustion engine 202, Alternatively, the controller 256 may also receive user
inputs pertaining to a selection of the first position and the second position of the
control valve 254, Accordingly, the controller 256 may actuate the control valve
254 in the first position when the internal combustion engine 202 is operating in
the normal operating condition and in the second positon when the internal
combustion engine 202 is operating in the priming condition. Further, the
controller 256 is also in operative communication with the prime mover 246, In
case of variable speed electric motor, the controller 256 may be configured to
vary a rotational speed of the prime mover 246, Thereby, the controller 256 may
control an operation of the first pump element 220 and the second pump element
238,

Numerous commercially available microprocessors may  be
configured to perform the functions of the controller 256, 1t should be
appreciated that the controller 256 may embody a machine microprocessor, for
example electronic control module, capable of controlling numerous machine
functions. A person of ordinary skill in the art will appreciate that the controller
256 may additionally include other components and may also perform other

functions not described herein.
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Although the fluid conditioning module 212 1s described with
reference to the engine system 200, it will be appreciated that the ftluid
conditioning module 212 may be used to condition other fluids in various other
systems, such as a lubrication system, a cooling system, a braking system, a
work implement system, an after-treatment system. Accordingly, the fluid
conditioning module 212 may also include other components, such as heaters,
coolers, sensors, fittings, thud couplings, accumulators or combinations thereof,
which may be beneficial for conditioning the fluid. Moreover, the term “fluid”
1s used herein to describe gases, liguds, slurries, combinations thereof or other
similar matter that tends to flow in response to applied shear stress. Examples of
fluids may include, but not limited to, lubrication oil, gasoline, diesel, diesel
exhaust fluid, hydraulic oil etc.

Various embodiments disclosed herein are to be taken in the
illustrative and explanatory sense, and should in no way be construed as limiting
of the present disclosure. All joinder references e.g., attached, affixed, coupled,
engaged, connected, and the like are only used to aid the reader's understanding
of the present disclosure, and may not create limitations, particularly as to the
position, orientation, or use of the systems, processes, and/or methods disclosed
herein. Therefore, joinder references, if any, are to be construed broadly.
Moreover, such joinder references do not necessarily infer that two elernents are
directly connected to each other. Moreover, expressions such as “including”,
“comprising’, “tncorporating’, “consisting of”, “containing”, “having”, and the
like, used to describe and claim the present disclosure, are intended to be
construed in a non-exclusive manner, namely allowing for components or
elements not explicitly described also to be present.

Additionally, all numerical terms, such as, but not limited to,
“first”, “second”, “third”, or any other ordinary and/or numerical terms, shouid
also be taken only as identifiers, to assist the reader’s understanding of the
vartous elements, embodiments, variations and/or modifications of the present
disclosure, and may not create any limitations, particularly as to the order, or
preference, of any element, embodiment, variation and/or modification relative
to, or over, another element, embodiment, variation and/or modification.

It is to be understood that individual features shown or described

for one embodiment may be combined with individual features shown or
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described for another embodiment. The above-described implementation does
not in any way limit the scope of the present disclosure. Therefore, it is to be
understood although some features are shown or described to tllustrate the use of
the present disclosure in the context of functional segments, such features may
be omitted from the scope of the present disclosure without departing from the

spirit of the present disclosure as defined in the appended claims.

Industrial Applicability

Embodiments of the present disclosure have applicability for use
and implementation tn fhid systems in which fluid filtration or other types of
fluid conditioning such as, heating, and cooling, are typically desired by
recirculating the fluid through the filter mount 222 and such recirculation need to
be limited or reduced based on a predetermined parameter.

As disclosed earlier herein, the controller 256 communicates with
the internal combustion engine 202, The controller 256 detects the operating
condition of the internal combustion engine 202, and accordingly, actuates both
the control valve 254 and the prime mover 246, In an example, when the
internal combustion engine 202 is operating in the normal operating condition,
the controller 256 actuates the control valve 254 in the first position. In the first
position, a first portion of fluid post filtration enters the internal combustion
engine 202, and a second portion is recirculated to the filter mount 222, via the
first recirculation loop 236, Further, the second pump element 238 also draws a
third portion of fluid from the recirculation conduit 234 and supplies to the filter
mount 222 for further filtration. The fluid may flow multiple times through the
filter assembly and the filter elements attached to the filter mount 222 before
flowing into the internal combustion engine 202, Thus, fluid quality may
improve with each successive pass through the filter mount 222, Further, the
controller 256 may also vary the rotational speed of the prime mover 246 based
on a desired fluid consumption by the internal combustion engine 202 during the
normal operating condition thereof.

Further, when the internal combustion engine 202 is operating in
the priming condition, the coniroller 256 actuates the control valve 254 in the
second positon, thereby shutting off the first recirculation loop 236, In the

second position, all fluid flow after filtration enters the internal combustion
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enging 202 for combustion. The controller 256 may regulate the rotational speed
of the prime mover 246 for obtaining a desired fluid flow through the fluid outlet
216. Therefore, a desired level of fluid filtration and fluid flow may be obtained
in different operating conditions of the internal combustion engine 202.

With the use and implementation of the present disclosure,
improved fluid filtration, for example fuel filtration, may be obtained, thereby
increasing service life and efficiency of the machine 100. Since, the first pump
element 220 and the second pump element 238 of the fluid conditioning module
212 drives the fluid through the filter mount 222, a greater filtration beta and a
greater filter utilization is obtained with respect to suction type pump-filter
configuration. Further, the fluid conditioning module 212 enables decreased
sensitivity and greater robustness of the fluid delivery system 204 to elevation by
providing increased pressure within the engine systern 2000 The fluid
conditioning modile 212 also has less sensitivity and greater robustness 1o
pressure differences in various conduits as the fluid is pumped to the fluid
reservolr 200 by the first recirculation toop 236 and the fluid return conduit 211,

Moreover, the fluid delivery system 204 provides easy packaging
and simplified operation of the engine systern 200, For example, the fluid
delivery system 204 may be attached to an engine housing of the internal
combustion engine 202, Theretore, the fluid delivery system 204 also provides
effective space utilization. Since, the controller 256 of the fluid delivery system
204 may be associated with the operations of the engine system 200, the
operation of the engine system 200 may be simplified. Specifically, the fluid
delivery systern 204 may be conveniently implemented in existing engine
systems.

While aspects of the present disclosure have been particularly
shown and described with reference to the embodiments above, it will be
understood that various additional embodiments may be contemplated by the
modification of the disclosed machine, systems and methods without departing
from the spirit and scope of what s disclosed. Such embodiments should be
understood to fall within the scope of the present disclosure as determined based

upon the claims and any equivalents thereof.
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1. A fluid conditioning module (212}, having a fluid inlet
{(214) contigured for fluid communication with a fluid reservoir (206) and a fluid
outlet (216), comprising:

a first pump element (220) having a first pump iolet (226) and a
first pump outlet (228}, the first pump inlet (226) in fluid communication with
the fluid inlet (214) of the module;

a filter mount (222) having a filter 1nlet (230} and a filter outlet
(232), the filter inlet (230) in fluid communication with the first pump outlet
{228} and the filter outlet (232} in fluid communication with the fluid outlet
(216);

a pressure regulator (248) having a pressure regulator inlet (250)
and a pressure regulator outlet (252), the pressure regulator inlet (250} in tluid
communication with the filter outlet (232) and the pressure regulator outlet (252)
in fluid communication with a recirculation conduit (234); and

a control valve (254) disposed in the recirculation conduit (234),
the control valve (254) having a first position and a second position, wherein
fluid flow 1s allowed through the recirculation conduit (234) when the control

valve {254} is in the first position.

2. The fluid conditioning module (212} of claim 1 further

comprising:
a second pump element (238} having a second pump inlet
{2423 and a second pump outlet (244), the second pump inlet (242) in fluid
communication with the recirculation conduit (234) and the second pump outlet

(244) in fluid communication with the filter inlet (230).

3. The fluid conditioning module (212} of claim 1, wherein

the first pump element (220) comprises a positive displacement pump.

4. The fluid conditioning module (212) of claim 1, wherein

the first pump element (220) comprises a centrifugal pump.
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5. The thiid conditioning module (212) of claim 2, wherein

the second pump element (238) comprises a positive displacement pump.

6. The fluid conditioning module (212} of claim 2, wherein
5 the second pump element (238) comprises a centrifugal pump.

7. The fluid conditioning module (212) of claim 2, wherein
the first pump element (220) comprises a positive displacement pump and the
second pump element (238) comprises a centrifugal purp.

10

8. The fluid conditioning module (212) of claim 1, wherein

the filter mount (222) 1s configured to receive a removable filter assembly.

9. The thiid conditioning module (212) of claim 1, wherein
1S the control valve (254) is positioned in the first position during a normal
operating condition and in the second position during a priming operating

condition.

10. The fluid conditioning module (212) of claim 1

20 configured to cooperate with a petroleum distitlate fluid.
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