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Motivation

Efficient high-speed flow simulations require mesh adaptation

°
@ Error-based adaptation needs many cycles (e.g. 10+) especially with coarse initial meshes
@ An approach accounting specifically for shock geometry is desirable

°

Our work can accelerate and blend with error-based adaptation
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Prior Work

e Existing works mostly target single shocks or require finer initial meshes (especially in 3D)
@ Automatic shock detection and processing

@ Anisotropic unstructured adaptive workflow
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Methodology
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Current Work

Current methodology is focused on automation and efficiency, and driven by shock geometry:
@ A couple iterations of unstructured anisotropic adaptivity

@ An iteration or two of shock-fitting in geometry and mesh
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Currently we focus on inviscid cases only:
@ Diamond airfoil: 2D case with external “V" shocks
@ Wedge duct: 2D case with internal reflected shocks

e Blunt body: 3D (revolved) case with external bow shock
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Diamond Airfoil: Mesh 0 (Initial Mesh)
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Diamond Airfoil: Mesh 1
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Diamond Airfoil: Shock Fitting

Processed shock points Segmented shock points Fitted shock curves
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Diamond Airfoil: Initial and Shock-fitted Geometry
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Diamond Airfoil: Initial and Shock-fitted Solutions
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Wedge Duct: Mesh 0 and Mesh 2
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Wedge Duct: Mesh 2 Shock Processing
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Wedge Duct: Shock Fitting
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Processed shock points

Segmented shock points

Fitted shock curves
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Wedge Duct: Initial and Shock-fitted Geometry

Woodruff & Sahni (RPI) Robust and Automatic Shock Fi AlAA SciTech, 16 Jan. 2026 21 /28



Results
00000000000 e0000

Wedge Duct: Initial and Shock-fitted Solutions

Elements: MO0: 416 M1: 4,676 M2: 5,440 SF: 4,178
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Blunt Body: Mesh 0 and Mesh 2
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Blunt Body: Shock Fitting

& &
Processed shock points Segmented shock points Fitted shock curves
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Blunt Body: Initial and Shock-fitted Geometry
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Results
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Blunt Body: Initial and Shock-fitted Solutions
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Closing Remarks and Acknowledgments

Summary:

@ Extended robust shock processing with shock system segmentation

@ Developed geometry/mesh shock-fitting procedure

@ Showcased crisp shocks in 3 iterations even with very coarse initial meshes
Future directions:

@ Other solution features and more complex shock interactions

@ Viscous and transient cases

@ Combine with error-based adaptation
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