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Mesh generation is one of the most important tasks in CFD. This is particularly the
case in the field of computational biomechanics, where the geometries being analysed are
complex (often fractal), difficult to quantify, and patient-specific. Medical practitioners
have long had access to techniques such as MRI or CT scanning which probe the internal
structure of a patient; these techniques provide 3d geometrical information about the
patient in the form of a stack of 2d images; hence a 3d image consisting of a regular
array of cells or voxels. The challenge of image-based meshing is to use this information
to generate the geometry of a case and associated mesh in a way which is automated or
at least involves minimum human intervention. Such techniques have wider application
than just biomedical research however, and can be applied in any circumstance where
geometrical information is not available but an object can be scanned [2].

In this paper we present a series of case studies using the image-based meshing software
ScanIP, ScanFE and ScanCAD [3] (developed and marketed by Simpleware Ltd). These
codes use a voxel-based approach, providing tools to segment regions of the image stack
and mesh them using the Marching Cubes algorithm to provide a base mesh which is then
truncated at the domain boundaries as defined by the segmentation. The result is a high-
quality mixed hex/tet mesh smoothed at the domain boundaries; multiple domains can
be meshed simultaneously whilst preserving mesh structure across any contact surfaces.
A variety of cases are presented demonstrating its application to biomedical, biological
and engineering problems using a variety of computational codes. Finally, a case using
OpenFOAM to compute the fluid-structure interaction [1] in blood flow in a femoral
artery is presented. In this, an artificial arterial wall is provided by dilating the arterial
channel mask in ScanIP; separate meshes are generated for the blood flow and arterial
wall domains and exported in Fluent mesh format, which is then converted to OpenFOAM
using the standard mesh conversion utilities available in OpenFOAM.
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