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Motivation

• Advantages of finite elements
– Extendable to high-order accuracy
– Stencil is contained inside the element

• Benefits for overset grid schemes
– Minimal grid overlapping required
– Facilitates hole cutting
– Curved geometry poses minimal difficulties
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Hole Cutting

• Hole cutting includes two steps
– Identify invalid cells
– Selection among valid cells

Airfoil 1

Example of 2 airfoil overset grids

Grid-1 Grid-2

Airfoil-1

Airfoil-2 Airfoil-2

Airfoil-1



Identify Invalid Cells

• On Grid-1, determine location of Airfoil-2. Cells in Grid-1 that 
intrude or lie inside of Airfoil-2 are invalid, and need to be 
removed from domain. Repeat procedure on Grid-2 for Airfoil-1.

• Direct wall cut is used to identify invalid cells

Grids after direct wall cut (all invalid cells removed) 
Grid 1 Grid 2



Select Among Valid Cells

• To minimize grid overlapping, among the valid cells, certain 
cells are selected for simulation, the remainder are removed.
– Mesh quality
– Automation
– Parallel

• No definitive selection process. Two approaches are explored:
– Existing Implicit Hole Cutting (IHC) method
– Novel Elliptic Hole Cutting (EHC) method



IHC

• Developed by Lee & Baeder, 2003
• A cell select process based on cell-quality

– Each grid node is viewed as a sampling point
– For each sampling point, all candidate donors are identified
– Only the candidate with highest cell-quality is actived

• cell-quality is a grid metric (inverse of cell volume, aspect ratio...)
• User control is optional

– Not needed in getting valid overset grids
– In some cases, it's needed to make grid "continuous"

• All nodes in overlapping region need to be searched (expensive in 
parallel implementation)



IHC

• Cell-quality defined as the inverse of cell volume
• Smallest cells are selected across the whole domain
• High cell-quality does not gurantee a high-quality overset mesh. "Continuity" 

of cell selection is often more important

Mesh after original IHC



Elliptic Hole Cutting
• New approach. AIAA paper 2014-2980
• Solve a Poisson equation on each grid. Select the cells with the 

highest pseudo temperature.

– Assign high T to nodes you really want
– Assign low T to nodes you really don't want
– Let Poisson solver take care the rest of the nodes

• No need to solve the exact Poisson problems
• No need for the solutions to fully converge
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Elliptic Hole Cutting

• Choices of BCs
– Choice we have been using

• Invalid nodes are set to min value (T= -1)
• Nodes on wall, and nodes in non-overlap regions are 

set to max value (T= 1)
• The rest of the boundaries are treated as adiabatic wall 

(Tn= 0)
– Approximate distance function

• Boundary nodes are set to T = - distance_to_wall
– Other choices of BCs possible



Elliptic Hole Cutting

• Choices of source term
– In favor of cell-quality

where c is cell-quality
– In favor of specific grids

– Other choices of source term possible
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Elliptic Hole Cutting

Grid 1 Grid2

Boundary conditions for Poisson equations on each grid

Tn= 0

T= 1

T= -1

T= 1

T= -1



Elliptic Hole Cutting

Grid 1 Grid2

Source term for the Poisson problems in favor of cell-quality



Elliptic Hole Cutting

Grid 1 Grid 2

Solution of Poisson problems



Elliptic Hole Cutting

Grid 1 Grid 2

3D view of Poisson solution

Grid 1 and 2



Elliptic Hole Cutting

Final mesh 3D view of Poisson solution



Comparison of Hole Cutting

16 airfoil-grids overlapping on a background grid



Comparison of Hole Cutting

Implicit Hole Cutting



Comparison of Hole Cutting

In favor of cell quality In favor of airfoil grids

Elliptic Hole Cutting using different source terms



Consideration for Parallel

• T1 and T2 need to be compared at the same location (at same 
node from same grid)

• If we want to compare T1 and T2 on grid-1, we can:
– Interpolate T2 from grid-2 to grid-1; or
– Solve for T2 on grid-1



Consideration for Parallel

Interpolate T2 from grid-2 to grid-1
– Every node of grid-1 in the overlapped region needs to be 

searched on grid-2
– Lots of communication in parallel implementation



Consideration for Parallel

Solve for T2 on grid-1
– Only the nodes of grid-1 that are on boundaries of the 

overlapped region need to be searched on grid-2
– Much less communication in parallel implementation, ideal for 

parallel implementation




