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High quality meshing coupled with robust shape deformation techniques enable large design space 

exploration for optimization without the need to remesh the geometry. To demonstrate this, we introduce a 

collection of strategies and best practices for cleaning complex analytic CAD models encountered in the 

automotive industry and demonstrate a robust meshing technology that can automatically generate high 

quality boundary layer resolved meshes. 

 

The case study for this work is the DrivAer model proposed by the Institute of Aerodynamics and Fluid 

Mechanics at the Technische Universität München. The DrivAer body represents a realistic external automotive 

geometry that was developed in cooperation with Audi AG and the BMW Group. Using this geometry, we 

demonstrate a technique called Solid Meshing where topological information inherent in analytic geometry can 

be used to heal the dirty geometry and recover the original engineering intent. Along with CAD layering and 

grouping tools, Solid Meshing enables automated hybrid surface and volume meshing.  

 

The volume meshing technique, which we call T-Rex, advances points from a watertight front consisting of 

either quadrilateral or triangular elements. The result is a viscous region of anisotropic tetrahedra that can be 

combined to form triangular prisms and unstructured hexahedra to reduce the cell count and improve 

boundary layer orthogonality. Using T-Rex, we demonstrate unstructured viscous meshing including 

approaches for handling extrusion layer collisions and resolving areas of high curvature. The resulting grids 

were run using OpenFOAM and compared with experimental data to validate our approach. This meshing 

strategy is highly automated, but does not sacrifice user control. We show that this results in higher quality 

grids with lower overall cell counts while still being able to reproduce complex flow phenomena. 

 

High quality grids, such as those generated using T-Rex, are often a prerequisite for shape deformation and 

design optimization. The higher the quality, the more designs one can explore using a single mesh. Using the 

mesh generated for the DrivAer study, we define a set of volumetric shape deformations using very few design 

variables. A technology we call Arbitrary Shape Deformation is used to smoothly morph the nodes of the mesh 

that are inside of the volumetric deformation space.  Each node is moved a differential amount with respect to 

its adjacent nodes. Even for large deformations, this technology can maintain surface boundary layer thickness 

and orientation.  

 

By removing the requirement to remesh after each volumetric deformation, solution changes are minimized 

and primarily subjected to only the changes seen by the flow due to model differences. Also, all tools have 

been coupled to form an automated optimization framework making it possible to find the subtle shape 

changes that produce large improvements in design performance. 


