Exceptional A Template-Based Approach to Parallel

service in the
national
interest

Sandia

Two-Refinement National

Laboratories
Steven Owen

2-refinement 3-refinement

Two vs Three | |
Transitions in 3-refinement can
L |
Fully automatic, scalable and embedded meshing methods We demonstrate a template-based approach for generating The target application for 2-refinement is Sculpt, a parallel grid-based Zifnoenni:vgmn;rz:f;iﬁr of
are an increasingly important requirement for next- locally refined all-hex meshes of initially structured grids all-hex meshing tool for high performance computing in a distributed requires a'\t least a pair of '
generation computing platforms. Overlay grid is an ideal utilizing a 2-refinement approach. The refinement algorithm environment. The result is a parallel-consistent locally refined mesh adjacent layers. 2-refinement ] T TT | T
candidate, however to be effective it must provide for consists of identifying marked nodes that are used as the basis  requiring minimal communication and where minimum mesh quality is is more challenging because of {
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Each even-odd row pair of quads are Refinement templates identified Templates applied to marked Marked elements expanded to Refinement templates Templates applied on quads Smoothing applied. Green quads
traversed and nodes between the based on marked nodes. In 2D nodes in / direction. include refined elements from / identified based on marked with marked nodes in J illustrate the initial cells identified
rows adjacent to at least one marked only 1 and 2 templates are direction. Nodes marked in J nodes. direction. for uniform refinement.
quad is marked. permitted. direction at every other column.
Templates 3D Node Marking Propagation of Node Marking
After identifying marked nodes, each element with at least one marked node is In 3D, pairs of even-odd parallel layers are identified and traversed in /, Jand K cell layer cell layer cell layer cell layer

refined based on one of the following templates. 2D templates are also used in 3D
when refining faces of hexes.
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3D Templates

The 3-template relies on its neighboring hexes’ nodes to form the template. In this
case nodes from two adjacent 2-templates are merged.
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Basic node marking procedure will result in 1-templates with poor quality elements
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Marking of nodes at a, b, and c are propagated to nodes d, e and f. This results in 2-

layers. i )
templates which improve mesh quality.

1-template propagation 2-template propagation
Multiple Levels of Refinement —

Since refinement must be performed in a structured region, refinement zones are
expanded to accommodate additional hex layers needed to transition to the next »
level of refined mesh.
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A refined 1-template would change A refined 2-template would would
\ from a 4 and 2-template to two 4 change from a 4, 4 and 2-template to
templates. three 4-templates.

First level is refined showing transitions Second level is refined. Transitions must
from green elements stay within the first level’s structured
region (green).

Refinement Criteria

For testing purposes hexes are marked for uniform refinement whenever the average
volume fraction of a cell’s eight child cells exceeds a threshold difference from the
parent cell. Refinement criteria was not within the scope of this work and will need
additional attention to ensure geometric features are accurately captured.
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performed on a Cartesian
grid which is then used as
the base grid in Sculpt.
Sculpt is a parallel
companion application to
Sandia’s Cubit tool.
Cubit provides a
GUI front-end
to Sculpt.
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On the interface plane between the layer pairs, we note two additional cases that
must be handled. The first (a) ensures 2 3-templates are not adjacent and the
second (b) marks additional nodes when the 2 diagonal nodes of a quad are marked.
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Performance

Strong scaling tests performed on Sandia’s (a) Redsky and (b) Chama platforms up to
256 processors. (a) Refined from 32K to 730K hexes. (b) Refined from 499K to 4.75M.

All refined meshes for each platform were identical regardless of processor count.
Minimum scaled Jacobian for refined grid was 0.408 before smoothing/projection.
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