Current Status of Tool Development for Cut-cell-

based Mesh Generation
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1 Research background

O Mesh Generation for CFD Analysis

» For thermal hydraulic analysis using CFD, it is essential to create a grid for the
flow field

O Complex geometry

» Generating a grid can cause many difficulties
O Mesh generation technology

» Various methods have been proposed and utilized to overcome the difficulties
of generating grids for flow fields with complex geometries

d Mesh types for complex domains
QO Single-block conformal mesh with immersed boundary
Multi-block conformal mesh
Multi-block overset mesh or hybrid mesh
Unstructured tetrahedral, hexahedral, and polyhedral mesh
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Unstructured cut-cell mesh
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(1 Cut-cell mesh ?
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Cut-cell mesh tool /
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»w U=: OpenFOAM mesh + STL geo L}

» Cell-cut mesh driver: stand-alone, snappyHexMesh, cfmesh
Q0 Cut-cell mesh 7|5 £

Q SnappyHexMesh 7|4t Cut-cell mesh =7t 74

=
Castellation (mesh refinement) = snap (7|E)

Q Stand-alone Cut-cell mesh =4 7j&

cellCut (Zl|'2) ?
=
» topoSet + selectCells + cell-cutter
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d Major Steps for cut-cell mesh generation

O The currently designed cut-cell tool consists of a core module called cell-cutter
and a cell-finder

/ \ 4 )

STL searcher »
cell fincer

\_ ) L J

QO Cell-finder: STL-formatted surface geometry overlapped on the background grid
to find and mark cells passing through the surface

cell cutter » cut-cell

O Cell-cutter: cuts cells in the flow area based on the boundary

Partitioning of a cut-cell to fluid and solid cells

wet fluid

dry » solid
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a cell cutter J|8t FeiA A)|
O geometric VoF (cutCelllso, cutCellPLIC)

» cut cells with surface defined by cutValue and et al.
» Not split cells, only get sub-cells volume
O IBS (immersed boundary surface in foam-ext)

» cut cells with surface in stl file
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O foam-ext

» IBS solver with immersed boundary treatment
Q immersedBoundaryPolyPatch

» immersed boundaryE& ¢l new polyPatch
QO immersedBoundaryPolyPatch.calcimmersedBoundary()
» key function for immersed boundary patch construction
» Calculate the immersed boundary patch geometry
» get access to polyMesh
» contains triSurfaceMesh (ibMesh )
» public methods
O immersedBoundaryFvPatch
» contains immersedBoundaryPolyPatch
» ibMesh(): Return immersed boundary surface mesh
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Cut-cell Mesh Tool Development

d Cut-cell modules

QO Cut-cell-finder module

» function of finding and marking cells located on the surface
» The cut-cell-finder module receives

— background grid in OpenFOAM format

— Surface geometry information in STL format as input

» Marking the cells to be cut, and passes them to the next module as a cut-cell
list

Marking cut-cells on a spherical surface in a Marking cut-cells on a fuel-pin-wire surface in a

cubic background mesh hexagonal background mesh
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~ Cut-cell Mesh Tool Development (2)

d Cut-cell modules

Q Cell-cutter module

» When a cell in the cut-cell list is cut, its edges and faces are also cut.

» Neighbor cells of the cut faces must be searched and their connectivity data
must be modified.

» Since the shape of the cut-cell is determined by the mutual position of the cell
and the cutting-surface, there are many cases to consider.

» Therefore, in this study divide-and-conquer method was applied to find and
correct cut-cell errors.

O Divide-and-conquer method for debugging cell-cutter module

» Prepare a list of test cases based on the topology and complexity of the
geometry

» Apply the cell-cutter

» Generate errors

» Correct errors

» Get the next test case and try again
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Cell-cutter debugging

d Cell-cutter for basic geometries

Initial mesh and cutting surface Cell cutting Cut mesh

Initial mesh and cutting surface Cell cutting Cut mesh
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multi-cell mesh

2-cellmesh
\,;'

Cell-cutting
surface

Cell-cutting
surface
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d Cell-cutter errors and corrections

8-cell mesh
T

Cell-cutting
surface
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in a cube

Q Basic approach

d Sphere

O Refinement approach

-cell mesh

ined mesh 2 cut

» Background mesh = ref
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d Applying the cut-cell algorithm to the SMART100 containment
building

O background grid = refinement = cut-cell meshing

—

Mesh refining &
Cut-cell Meshing
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Coarse Mesh |
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Q 71'Y Y (divide-and-conquer method)
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QO cut-cell AKX} A X}
w U STL-type Y4 2

» surface capture: mesh refinement 7|

» =2: OpenFoam ¥4 AKX} (boundary, points, faces, owner-neighbour)

Thank you for your interest
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