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Geometry Size Field

    The bulk size hb is defined to initialize the cells of the octree. The octree is   
uniformly refined until octants’ size is smaller or equal to hb.  

  The surface mesh should be an accurate representation of the underlying 
smooth CAD surfaces, hence mesh size h(x) should depend locally on the maximal 
curvature κn(x). We start by computing the principal curvatures of the surfaces, 
then adapt the octree to accurately capture this curvature. On the octants that    
intersect the surface, the mesh size is defined based on the division of the local os-
culating circle by a user-defined parameter nc.   

    Layers of elements in small gaps : In solid or fluid mechanics, having only one 
element in a gap means that both sides of the gap are connected by a mesh edge. 
If Dirichlet boundary conditions are applied, then the gap is essentially closed : we 
avoid this by inserting ng layers of elements in small gaps and channels.

    For boundedness, a minimum mesh size hmin has to be defined in order, for 
example, not to allow zero mesh size when curvature becomes infinite (e.g. at the 
tip of a cone).

   A smoothness parameter   > 1 is defined as the maximum size gradient. It 
bounds the maximum ratio of two adjacent edges and avoids abrupt variations in 
mesh size (gradation).

We generate an isotropic size field suitable for volume meshing, stored in an octree 
acting as background mesh in the meshing pipeline. The mesh size is determined 
by the curvature of the surface mesh and incorporates its sharp features, such as 
small gaps and channels, which is the improvement over traditional size fields. De-
tecting and refining around sharp features is critical in fluid mechanics when Diri-
chlet boundary conditions are applied, so as not to close a gap with a single mesh 
element. Five user-defined parameters are sufficient to define a size field preser-
ving the features of the initial surface mesh.

MESH SIZE FIELD WITH MINIMAL USER INPUT

VOLUME MESHING
On octree cells that intersect the surface triangulation, mesh size is initialized 
by dividing the osculating circle by nc:

where r(x) = 1/κn(x) is the local radius of curvature. Mesh size is then smoo-
thed in the octree cells to ensure the inequality

is satisfied everywhere. Small sizes are left unchanged so that we do not over-
look small features in the surface mesh, while large mesh sizes are reduced to 
satisfy the constraint.

The 2:1 balancing of the tree struc-
ture ensures that the refinement 
levels of two adjacent cells do not 
differ by more than one : one side of 
a face between two octants is said to 
be either full (F) or hanging (H), de-
pending if the octant on that side is 
a leaf or is subdivided. We take ad-
vantage of the balancing and use a 
first order finite difference to com-
pute the mesh gradient, based on 
the stencils opposite.

To detect the gaps in the geometry, 
we add the bounding box of every 
triangle of the surface mesh to an 
RTree structure. The detection is 
performed on vertices : for each 
vertex xi, the RTree returns the list 
of triangles which lie inside the 
bounding box of the sphere of radius 
hi centered at xi. With a breadth-
first search algorithm, the elements 
connected to xi are removed from 
the list. If the resulting list is non-
empty, the remaining triangles are 
close to the vertex in terms of eucli-
dian distance, but far in terms of 
connectivity : they are separated 
from the vertex by a gap. Mesh size 
of vertices along gaps is reduced ac-
cording to the desired number of 
layers :

SURFACE REMESHING 
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By detecting the gaps between the fins of a heatsink, the size field produces volume 
meshes suitable for, e.g., forced convection computation.

The volume mesh in an extrusion die orifice should contain multiple layers of elements to 
allow a flow of viscoplastic fluid. The final volume mesh after size field computation featu-
res ng = 4 layers and is suitable for, e.g., finite volume computation.

USER-DEFINED PARAMETERS

Detecting gaps : elements connected to the 
current vertex (in red) are removed from the 
list of candidates. The gap width lgap is then 
estimated as the minimal distance from the 
vertex to the remaining triangles (in green).

MESHING PIPELINE

1. Input: surface mesh of the CAD 
geometry

2. Octree structure to capture the 
curvature

3. Smoothed mesh size computed 
from mesh curvature

4. Smoothed mesh size after 
gap detection

5. Final tetrahedral mesh

SIZE SMOOTHING AND GAP DETECTION

Final surface meshInitial STL of porous medium geometry

Computed size field with detection of 
narrow channels

Geometry

Without gap detection With gap detection
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