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Why Hexahedrons

e |tis known that cell-centered based flow solvers
consume most of time on the source terms of the
species and particle transport equations.

* A tetrahedral mesh increases the element count 4 to
10 fold over a hexahedral mesh with similar number
of vertices in the domain.

Hexahedrons provide directional sizing without losing
accuracy. (i.e. normal to the wall)
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A Unified Approach to Generate Unstructured Hexahedron

e Unstructured overset-hexahedron mesh (8th
International Meshing Roundtable 1999).

e Unstructured all-nexahedron mesh (AIAA 2001-
1097).

e Unstructured mostly-hexahedron mesh (TFAWS
2008).
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Preprocessing of Unified Approach(1)

o Surface Grid Generation --Quadrilateral Shell
Element

Quadrilateral dominated mesh
( X-38 crew return spacecr aft)
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Preprocessing of Unified Approach(2)

* Generation of marching grid from the surface mesh
(.e. hair grid or radiated grid)

Wireframe view of the grown hair grid around the X-38
(shaded area denotesthe surface of the body).
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Preprocessing of Unified Approach(3)

 Core grid generation

1. ldentify the geometric discontinuities as seam
curves

2. ldentify seam corners

3. Initial core grid must encompasses the domain to
be gridded.

4. Enhance Initial core grid with the help of seam
curves and seam corners. (such as grid relocation,
adaptive mesh refinement, etc)

5. Apply hole cutting to blank out the unnecessary grid
points.
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File Applications  View Grab  Window | FPLOT

Example of

seam surfaces of

a spacecraft

viewed from after body.

N X1 | Wz |Wa W4 |

Stausz[]  screen_d.eps is created
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FPLOT

View Grah  Window

Eile  applications
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(1) velocity of pointsthat are not overlapped by radiated marching grid is set to zero.

(2) pointsinside the solid have been blanked out.

(3) Only farthest fringe points from the first layer of the radiated marching grid

will be chosen as the heads of the particle traces.
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Example (1) of overset hexahedron ---
Plane cuts of tree/core grid and hair grid for an ogive cylinder.
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Eile  Applications  Yiew Grabh  Window I FPLOT I

Example (1) of all-hexahedron mesh

File Applications  View Grab  Window | FPLOT

Status Wi (e |Wa W4

Seam corners and curves
captured via adaptive mesh refinement.

| Status: [Import data X1 Wz W3 s
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Example (2) of all-hexahedron ---X-38
1]

!u||__ AR m"ulm"“mmunmlll-.-m
ST 00 A

i

R T
“JIIIH“M“ I}:gﬂ} Ii|]I | ': | !. * LIl (TT1]
| - e

|'l'-III|,|'||.

111

WWww.nasa.gov 1




National Aeronautics and Space Administration

Two-Boundary Marching Method

 Generates marching grid from the turbine surface

 (Generates passage grid influenced by turbine
marching grid

* Builds particle trace grid guided by turbine marching
grid. it terminates before reaching turbine surface.

e A thin space is formed between two marching grids

 Volume grid is generated in the thin space using an
advancing front method by partitioning the sub
domains into pyramids, tetrahedrons and wedges
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A thin space between surface marching grid and particletracegrid.
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Volume grid. (Note that disparity
of grid
resolutions is purposely
created to show
the robust of the method.)

WWw.nasa.gov s



National Aeronautics and Space Administration

Pressure (PA)

k  1.63392e+06
J 1.54106e+06
1B 1.4482e+06
1.35534e+06
1.26248e+06
1.16962e+06
1.07676e+06
983901
891041
798181
2705321

Fh

Static pressure contours of a turbine blade with hybrid meshes.
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Mach number

k 0971463
0.874383
0.777303
0.680223
0.583143
0.486063
0.383983
0.291902
0.194822
0.0977423
am() 000662181

.

-

Fh A

A plane-cut view of Mach number.
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A 3d mesh plot that shows
hexahedrons, pyramids,
wedges and tetrahedrons.
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Mesh transition from hexahedron to

pyramid and tetrahedron and back to hexahedron.
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Mach number

k  1.06865

j 0961862
iB0.855075
0.748288
0.641501
0.534713
0.427926
0.321139
0.214352
0.107564

ame() 000776992
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Plot of Mach number contour.
The contour linesthat passthrough the transition mesh
show theinfluence of changing mesh types.
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Pressure (PA)

k  1.54075e+06
1.45369e+06
1.36663e+06
1.27957e+06
1.19251e+06
f  1.10545e+06

1.01838e+06
il% 1325

844264
]757204
70144

Plot of pressure contour.
The contour linesthat pass
through the transition meshes display slight imperfection.
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Concluding remarks

* A hexahedron mesh generation method has been
modified to create hybrid meshes by merging surface

marching grids and inside out grid-based meshes via
an advancing front method.

« This mesh generation is part of a unified approach to
generate unstructured (1) overset-hexahedron, (2)
all-nexahedron, (3) mostly-hexahedral meshes.

* More realistic geometries will be used to generate the
third type of meshes.
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