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J O U R N A L  A R T I C L E S  B Y  F L U E N T  S O F T W A R E  U S E R S

Computer simulation reduced the time needed to
develop a revolutionary engine lube centrifuge from
approximately three years that would have been
needed in the past to just one year. Centrifuges have
been used as bypass filtration devices to remove
contaminants from engine lube oil for several
decades.  Fleetguard originally used computational
fluid dynamics (CFD) several years ago to identify
inefficiencies in traditional designs and develop a
new design that would provide cleaner oil and
reduced engine wear. More recently, the company
again used CFD to modify this design to improve
manufacturability while maintaining the
performance improvements of the earlier design.
Using the traditional approach of building
machined or stereolithography prototypes and
evaluating them on a test bench would have taken
several years to go through the 40 or so
configurations that were simulated prior to
reaching the final design. CFD made it possible to
evaluate the same number of designs in less than
three months with minimal prototype fabrication.
CFD also provides far more information and design
insight than physical testing, which makes it
possible to move much more quickly from the
initial concept to the optimized design.

Fleetguard Inc. is the leading worldwide designer
and manufacturer of filtration products and exhaust
systems for heavy-duty diesel powered equipment.
The company's broad product lines cover a wide
variety of applications and markets, including:

heavy-, medium-, and light-duty trucks; industrial
equipment for construction, mining, agriculture,
marine, and power generation applications.
Increasingly stringent environmental requirements,
coupled with increasing engine power density and
customer expectations for long service intervals, are
causing diesel engine lube oil to come under ever
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Figure 1: Traditional centrifuge design
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increasing chemical, thermal, and particle mass loads.
With improvements in oil formulations and full-flow
filtration technology reaching maturity, engine
manufacturers are increasingly looking towards
bypass centrifuges to reduce their oil particulate loads
and improve engine life. A bypass centrifuge diverts a
small percentage of oil pump output and cleans that
oil to a higher level than the full-flow filter, before
returning it directly back to the sump.  These types of
bypass systems are sometimes referred to as "kidney
loops". Traditional centrifuges use a rotor that is
typically driven in rotation by a free-jet Hero-turbine
at speeds from 4,000 to 10,000 rpm. Prior to studying
new designs, Fleetguard engineers were interested in
evaluating the performance of these early designs,
which had been developed long before the advent of
computer simulation.

Building virtual prototypes

CFD was selected as their primary analysis tool
because of the extensive information and insight that
can be obtained by studying the resulting complex
flow phenomena, and because of the unique ability to
quickly evaluate the effect of changing geometry or
flow parameters on performance. CFD can also
facilitate detailed parametric studies that can
significantly reduce the amount of experimentation

necessary to develop a prototype for a new design,
thereby reducing design cycle times and costs.
Modeling centrifuge operation with CFD is
challenging because the centrifugal acceleration at
the perimeter of the centrifuge rotor typically ranges
from 2000 to 6000 g's, which causes radial pressure
gradients that are many orders of magnitude higher
than the axial gradients. Fleetguard engineers were
able to overcome this challenge by paying careful
attention to mesh quality, using rotating reference
frame capability of Fluent, using the "PRESTO"
pressure-staggered option of Fluent, and using
extremely low under-relaxation settings in the solver.
They selected FLUENT CFD software from Fluent
Incorporated, Lebanon, New Hampshire, because it
demonstrated the ability to consistently reach
converged solutions on these challenging models.
Furthermore, its discrete phase particle model enables
direct assessment of centrifuge particle removal
efficiency vs. particle size. Fleetguard first analyzed
the traditional engine lube centrifuge design, which


