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Problem:
Often an engine should fit into several vehicle applications, requiring that some parts have to
be modified to match all package configurations. Driven by such package constraints, an inlet
pipe to the water-pump inlet had to be redesigned resulting in a 180 degree coolant direction
change in front of the water pump inlet. In the beginning the U-flow shaped design was
generating an inhomogeneous and non-uniform inlet flow at the water-pump entry. This will
reduce the water-pump efficiency and might cause cavitation at the impeller.
Solution:
For this case the first-in-industry software tool for fluid flow topology optimization called
TOSCA Fluid has been used, coupled with STAR-CCM+. TOSCA Fluid is a new software
system for non-parametric fluid flow topology optimization producing an optimized 3D design
of the flow region as input for a first CAD design. A possible flow region (design space) has to
be defined which connects the inlet and outlet cores and is usually limited by clearance planes
to other parts. After standard meshing with STAR-CCM+ the optimization is setup to minimize
the backflow intensity by sedimentation and to maximize the velocity magnitude uniformity in
the impeller plane. After the optimization, the critical recirculation zone in front of the waterpump impeller and other backflow zones were eliminated and the pressure drop has been
also reduced. Furthermore a more homogeneous flow distribution at the water-pump inlet has
been reached by the optimization tool.
Benefit for Ford:
TOSCA Fluid is the first commercial software for topological optimization of CFD problems.
Now, the CFD engineer may generate an initial design of new CFD optimized parts and give it
to the designer. With this first proposal the flow improvements can be investigated helping to
understand the local flow physics for further possible fine tuning of the flow with parametric
and shape optimization methods. This new workflow is highly efficient, reduces development
time and improves result quality. Optimized fluid topology is essential for low emissions
engines.
Author Company:
Ford Forschungszentrum Aachen GmbH
Author Name:
Anselm Hopf, Andrew Hitchings & Les Routledge

Industries:
Ground Transportation [2] ? Ground Transportation - Application ? Thermal Heat Protection[3]
Ground Transportation [2] ? Ground Transportation - Technology ? Optimization[4]
Products:
STAR-CCM+®[5]
Conference:
STAR Global Conference 2014[6]
CD-adapco is the world's largest independent CFD focused provider of engineering simulation
software, support and services. We have over 30 years of experience in delivering industrial
strength engineering simulation.
Source URL: http://www.cd-adapco.com/presentation/cfd-topological-optimization-car-water-pump-inletusing-tosca-fluid-star-ccm
Links:
[1] http://www.cd-adapco.com/sites/default/files/Presentation/SGC2014_Ford_Hopf.pdf
[2] http://www.cd-adapco.com/industries/ground-transportation
[3] http://www.cd-adapco.com/industries/ground-transportation/%E7%83%AD%E4%BF%9D%E6%8A%A4
[4] http://www.cd-adapco.com/industries/ground-transportation/%E4%BC%98%E5%8C%96
[5] http://www.cd-adapco.com/products/star-ccm%C2%AE
[6] http://www.cd-adapco.com/conference/star-global-conference-2014

