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The purpose of the present work is to demonstrate and document the use of arbitrary shape deformation
(ASD) software running in conjunction with OpenFOAM in producing optimal geometries for several rel-
atively simple flow geometries. There are two aspect of this work. The first is generation of OpenFOAM
tutorial cases that will provide the same benefits of existing OpenFOAM tutorials in giving users existing
working cases that can be tested, explored, and modified. The second is to generate documentation that
helps new users become familiar with the shape optimization process using these tools. The documentation
will provide a teaching and learning tool that can help acquire the skills needed to apply this tool to problems
of interest.

Optimal Solutions Software (OSS) has created an ASD-based morphing package named Sculptor which
can couple with computer aided engineering (CAE) software, including CFD, and optimization software to
allow changes in geometry. This approach is successfully being used for both external and internal flow in
many areas of research and design, including aerospace, turbomachinery, motor sports, biomedical, marine,
automotive, and combustion devices. While Sculptor has additional capabilities, such as shape matching,
the present work will focus on the use of Sculptor with OpenFOAM.

One of the key features that makes Sculptor’s ASD process particularly advantageous is that the changes
in geometry require no re-meshing between deformations and no-reCAD. Since mesh generation can be
one of the more time-consuming aspects of generating a CFD analysis, this approach provides significant
time savings. In addition, all geometric changes can be returned back to a CAD model, allowing CFD to
directly modify CAD designs that can be used to produce the desired shape. It is noted that Sculptor can be
integrated with any CFD package, and has already been used with OpenFOAM in several applications.

Sculptor’s GUI provides the user with tools to easily define shape change variables that consist of control
points defining a trivariate parametric volume. The user groups the control points to define the desired shape
change parameters. These parameters are controlled in real-time interactively, or optimization algorithms
can change their values thus resulting in automatic shape optimization. The optimization process controls
both the movement of control points and the execution of the CFD solver to determine the effects of those
changes as it searches for the optimum geometry for the flow conditions and constraints given.

Three test cases are presented to demonstrate some of the capabilities of OpenFOAM coupled with Sculptor.
The first case demonstrates minimization of the drag forces on a probe inserted into a flow. The second shows
the optimization of a 90◦ elbow geometry to minimize pressure loss for either laminar or turbulent flows
conditions. The third test case is the optimization of a nosecone for a small transonic rocket over a range of
flight Mach numbers.

OSS would like to provide better access to their software to users in academia, and one of the purposes of the
present work is to provide better support materials to those users. Work is underway to provide training aids,
primarily directed at undergraduate and graduate students, for learning how to apply ASD and optimization
with OpenFOAM. A set of OpenFOAM tutorial cases based on the cases presented above and patterned
after existing OpenFOAM tutorials will provide working cases as a starting point for applying the software.
Training materials will consist of both written tutorials as well as screencasts to provide instruction and
directions. A report on the progress of these training aids will be presented.


