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Never believe anything

until you run it.



DMPlex Applications
Plex has been used in many large-scale applications:
▶ Crustal deformation in PyLith

▶ Seismology in Salvus
▶ Compressible Navier-Stokes flow in SSDC
▶ Fracture mechanics in MEF90

https://geodynamics.org/cig/software/pylith/
https://mondaic.com/
https://ecrc.kaust.edu.sa/Documents/SHAXC-2016/Parsani_SHAXC16_slides.pdf
https://github.com/bourdin/mef90
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DMPlex Applications
Plex has been used in many large-scale applications:
▶ Crustal deformation in PyLith
▶ Seismology in Salvus
▶ Compressible Navier-Stokes flow in SSDC

▶ Fracture mechanics in MEF90

M. Parsani, R. Boukharfane, I.R. Nolasco et al. Journal of Computational Physics 424 (2021) 109844

Fig. 22. Solution polynomial degree distribution, p, computational domain and boundary mesh elements for the 65◦ swept delta wing test case.

Vortex Flow Experiment (VFE-2). This new delta wing model was manufactured based on a NASA wing geometry that 
served as reference configuration [62]. We compare the SSDC solutions with the experimental data presented by Furman 
and Breitsamter [44].

In wind tunnel models, the delta wing is composed of a flat inner plate and an interchangeable leading edge to ease the 
testing of different geometries. Here, we consider the flow past two different leading edge configurations, namely a sharp 
leading edge (rLE/c̄ = 0) and a medium radius leading edge (rLE/c̄ = 0.0015), where c̄ = 0.653 m. The delta wing has a mean 
aerodynamic chord of � = 0.667 m, a root chord length of cr = 1.47�, and a wing span of b = 1.37�. Furthermore, it has no 
twist or camber, and the central region is flat. A Cartesian coordinate system is set at the apex of the delta wing with the x1
coordinate pointing downstream, the x2 coordinate pointing in a span-wise direction, and the x3 coordinate perpendicular 
to the flat plate section. The sting is kept downstream as part of the geometry up to the position x1/cr = 1.758.

The grids consist of ≈ 9.209 × 104 hexahedral cells for the rounded leading edge model and ≈ 8.713 × 103 for the sharp 
leading edge model. The grids are subdivided into three blocks, as shown in Fig. 22, with each block corresponding to a 
different solution polynomial degree. In particular, we use p = 2 in the far-field region, p = 5 in the region surrounding the 
delta wing and its support, and p = 3 elsewhere. Given the degree of the solution and the number of cells in each block, 
the number of DOFs is ≈ 1.435 × 107 and ≈ 1.706 × 107 for the round leading-edge and the sharp leading-edge test cases, 
respectively.

The simulations are carried out for an angle of attack of AoA = 13◦ , a Mach number Ma = 0.07 and a Reynolds number 
of Re = 106, based on the mean aerodynamic chord. The undisturbed flow field conditions upstream of the wing (denoted 
with ∞) are used to define the similarity parameters. The simulation is initialized with constant freestream values in the 
entire domain. Entropy stable adiabatic no-slip wall boundary conditions are applied to the wing and sting surfaces, whereas 
freestream far-field boundary conditions are applied at the inlet and outlet planes. Due to the symmetry of the problem 
in the span-wise direction, half span of the flow is modeled through a symmetry boundary condition. On the rest of the 
boundary planes, entropy stable inviscid wall boundary conditions [80] are prescribed.

Fig. 23 shows the instantaneous flow field for both the sharp and the rounded leading-edge configurations. The flow 
around a delta wing is peculiar. When the angle of attack exceeds 7◦ , typically, flow separation occurs at the leading edge. 
This behavior is the opposite of what generally happens in a rectangular wing where the flow separation occurs downstream 
near the trailing-edge. The roll up of the leading-edge vortices, as shown in Fig. 23, induces low pressure on the upper 
surface of the wing and enhances the lift. This phenomenon is called vortex lift and contributes to a delayed high-stall angle 
compared to the stall angle of a rectangular wing. The vortices start at the wing apex and progress downstream where they 
eventually breakdown due to a high adverse pressure gradient. For relatively low angles of attack, the vortex burst occurs 
downstream of the trailing-edge, as reproduced by the simulations. However, when the angle of attack increases, the location 
of the vortex breakdown moves towards the apex, to a point where it occurs over most of the wing surface, reducing the 
lift and causing the wing to stall.

We observe a primary vortex, originating at approximately one-third chord length for the round leading edge (see 
Fig. 23(a)) and at approximately one-fifth chord length for the sharp leading edge (see Fig. 23(b)), an apex vortex, and 
a counter rotating trailing-edge vortex.

The vortex system leads to the characteristic pressure coefficient distribution on the upper surface of the wing with a 
suction peak below the axis of the primary vortex; see Fig. 24. Additionally, we observe that the primary vortex separation 
occurs farther from the apex for the round leading-edge geometry, with a corresponding displacement in the suction peaks. 
Fig. 25 compares the computed average pressure coefficient distribution, CP , as a function of η = x2/s(x1) (s(x1) being the 
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Doublet
Triangle

./src/dm/impls/plex/tests/ex69
-dm_plex_box_faces 1,1
-dm_plex_cohesive_label_fault 8

-dm_refine 1
-dm_plex_transform_type cohesive_extrude
-dm_plex_transform_cohesive_width 0.25
-dm_plex_transform_active fault

-coarse_dm_view :tri.tex:ascii_latex
-dm_view :trif.tex:ascii_latex
-dm_plex_view_tikzscale 3.
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Algorithm Overview

1. Label interior faces to extrude

2. Orient labeled submanifold

3. Add impinging points to the label

4. Give a refine type to each mesh point

5. Create transformation table for each type

6. Execute transformation



Mesh Orientation

The orientation algorithm
▶ works in parallel,

▶ works on submeshes

▶ can be constrained by a label



Refine Types

rt Action
ct ∗ 2 + 0 Identity
ct ∗ 2 + 1 Unsplit point
(ct ∗ 2 + 0) ∗ 100 + F Impinging point, split some faces
(ct ∗ 2 + 1) ∗ 100 + F Split point, unsplit some faces

F has bit f set if face f participates



Refine Types
Vertex

Type Eqn rt
unsplit vertex ct ∗ 2 + 1 1
split vertex (ct ∗ 2 + 1) ∗ 100 + 0 100



Refine Types
Segment

Type Eqn rt
unsplit segment ct ∗ 2 + 1 3
split both endpoints (ct ∗ 2 + 1) ∗ 100 + 0 300
unsplit endpoint 0 (ct ∗ 2 + 1) ∗ 100 + 1 301
unsplit endpoint 1 (ct ∗ 2 + 1) ∗ 100 + 2 302
impinging endpoint 0 (ct ∗ 2 + 0) ∗ 100 + 1 201
impinging endpoint 1 (ct ∗ 2 + 0) ∗ 100 + 2 202



Refine Types
Triangle

Type Eqn rt
split all faces (ct ∗ 2 + 1) ∗ 100 + 0 700
unsplit edge 0 (ct ∗ 2 + 1) ∗ 100 + 1 701
unsplit edge 1 (ct ∗ 2 + 1) ∗ 100 + 2 702
unsplit edge 0 1 (ct ∗ 2 + 1) ∗ 100 + 3 703
unsplit edge 2 (ct ∗ 2 + 1) ∗ 100 + 4 704
unsplit edge 0 2 (ct ∗ 2 + 1) ∗ 100 + 5 705
unsplit edge 1 2 (ct ∗ 2 + 1) ∗ 100 + 6 706
impinging edge 0 (ct ∗ 2 + 0) ∗ 100 + 1 601
impinging edge 1 (ct ∗ 2 + 0) ∗ 100 + 2 602
impinging edge 0 1 (ct ∗ 2 + 0) ∗ 100 + 3 603
impinging edge 2 (ct ∗ 2 + 0) ∗ 100 + 4 604
impinging edge 0 2 (ct ∗ 2 + 0) ∗ 100 + 5 605
impinging edge 1 2 (ct ∗ 2 + 0) ∗ 100 + 6 606



Refine Types
Quadrilateral

Type Eqn rt
split all faces (ct ∗ 2 + 1) ∗ 100 + 0 900
unsplit edge 0 (ct ∗ 2 + 1) ∗ 100 + 1 901
unsplit edge 1 (ct ∗ 2 + 1) ∗ 100 + 2 902
...

...
...

unsplit edge 2 3 (ct ∗ 2 + 1) ∗ 100 + 12 912
unsplit edge 0 2 3 (ct ∗ 2 + 1) ∗ 100 + 13 913
unsplit edge 1 2 3 (ct ∗ 2 + 1) ∗ 100 + 14 914
impinging edge 0 (ct ∗ 2 + 0) ∗ 100 + 1 801
impinging edge 1 (ct ∗ 2 + 0) ∗ 100 + 2 802
...

...
...

impinging edge 2 3 (ct ∗ 2 + 0) ∗ 100 + 12 812
impinging edge 0 2 3 (ct ∗ 2 + 0) ∗ 100 + 13 813
impinging edge 1 2 3 (ct ∗ 2 + 0) ∗ 100 + 14 814



Refine Types
Tetrahedron

Type Eqn rt
impinging face 0 (ct ∗ 2 + 0) ∗ 100 + 1 1201
impinging face 1 (ct ∗ 2 + 0) ∗ 100 + 2 1202
impinging face 0 1 (ct ∗ 2 + 0) ∗ 100 + 3 1203
impinging face 2 (ct ∗ 2 + 0) ∗ 100 + 4 1204
impinging face 0 2 (ct ∗ 2 + 0) ∗ 100 + 5 1205
impinging face 1 2 (ct ∗ 2 + 0) ∗ 100 + 6 1206
impinging face 0 1 2 (ct ∗ 2 + 0) ∗ 100 + 7 1207
impinging face 3 (ct ∗ 2 + 0) ∗ 100 + 8 1208
impinging face 0 3 (ct ∗ 2 + 0) ∗ 100 + 9 1209
impinging face 1 3 (ct ∗ 2 + 0) ∗ 100 + 10 1210
impinging face 0 1 3 (ct ∗ 2 + 0) ∗ 100 + 11 1211
impinging face 2 3 (ct ∗ 2 + 0) ∗ 100 + 12 1212
impinging face 0 2 3 (ct ∗ 2 + 0) ∗ 100 + 13 1213
impinging face 1 2 3 (ct ∗ 2 + 0) ∗ 100 + 14 1214



Refine Types
Hexahedron

There are 62 cases
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Embedded Fault
Quadrilateral

./src/dm/impls/plex/tests/ex69
-dm_plex_simplex 0
-dm_plex_box_faces 3,2
-dm_plex_cohesive_label_fault 22,23

-dm_refine 1
-dm_plex_transform_type cohesive_extrude
-dm_plex_transform_active fault
-dm_plex_transform_cohesive_width 0.2

-coarse_dm_view :quad.tex:ascii_latex
-dm_view :quadf.tex:ascii_latex
-dm_plex_view_tikzscale 3.
-dm_plex_view_numbers_depth 1,0,1



Embedded Fault
Quadrilateral
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T-junction
Quadrilateral
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T-junction
Quadrilateral

./src/dm/impls/plex/tests/ex69
-dm_plex_simplex 0
-dm_plex_box_faces 3,2
-dm_plex_cohesive_label_fault0 22,23
-dm_plex_cohesive_label_fault1 32

-f0_dm_refine 1
-f0_dm_plex_transform_type cohesive_extrude
-f0_dm_plex_transform_active fault0
-f0_dm_plex_transform_cohesive_width 0.2

-f1_dm_refine 1
-f1_dm_plex_transform_type cohesive_extrude
-f1_dm_plex_transform_active fault1
-f1_dm_plex_transform_cohesive_width 0.2

-f0_coarse_dm_view :quad.tex:ascii_latex
-dm_view :quadf.tex:ascii_latex
-dm_plex_view_tikzscale 3. -dm_plex_view_numbers_depth 1,0,1
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PyLith Subduction
Tetrahedral



PyLith Subduction
Tetrahedral

./src/dm/impls/plex/tests/ex69
-dm_plex_filename
${PYLITH_DIR}/examples/subduction-3d/input/mesh_tet.exo

-f0_dm_refine 1
-f0_dm_plex_transform_type cohesive_extrude
-dm_plex_cohesive_label_Vertex\ Sets 10
-f0_dm_plex_transform_active "Vertex Sets10"
-f0_dm_plex_transform_cohesive_width 2000
-f0_dm_plex_transform_extrude_use_tensor 0

-dm_view hdf5:mesh.h5



PyLith Subduction
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PyLith Subduction
Tetrahedral



Abstraction

We can dynamically select:
▶ FEM discretization

▶ Particle layout

▶ Background mesh

▶ Poisson solver

▶ Projection solver

▶ Time integrators



References I


	Mesh as Lattices
	Adjacency and Hasse Diagrams
	Operations
	Regular Refinement

	Embedded Extrusion

