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Computational fluid dynamics enables the study of fluid 
flows using HPC

Shock-plume interaction
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Click to edit Master title stylePhysical space discretization results in meshes

Cartesian Curvilinear Voronoi
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Click to edit Master title styleMesh adaptation reduces discretization errors

Initial grid h-adaptation r-adaptation

• Adaptation methodologies:

o r-adaptation: redistribute points (fixed degrees of freedom)

o h-adaptation: add or remove degrees of freedom

o p-adaptation: increase polynomial order 
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Launch, Ascent, and Vehicle Aerodynamics (LAVA)

Far Field
Acoustic Solver

C++ / Fortran / Python

MPI+OpenMP / MPI+CUDA

Continuous Integration and Testing via GitLab

LAVAPre-Processing
 Tools

Post-Processing 
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Space-Marching
Propagation

Structured 
Cartesian

• Adaptive Mesh Refinement
• Immersed Boundaries
• FSI & 6DOF
• Multi-Species & Multi-Phase
• WMLES

Unstructured
Polyhedral

• Voronoi Meshing
• Conjugate Heat Transfer
• Multi-Species
• RANS
• WMLES

Structured
Curvilinear

• Design Optimization
• Mesh Redistribution
• Sliding and Immersed BC
• RANS
• HRLES & WMLES
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Click to edit Master title styleMesh adaptation has been successfully applied to 
supersonic applications
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Click to edit Master title styleMesh adaptation has been utilized to enhance shock 
resolution to address solution sensitivities
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• NASA’s Commercial Supersonic Technology project aims to develop 
propulsion systems that surpass current noise regulations

• Dual-stream nozzle configurations are a key focus area

• A variety of configurations are being tested, some of which include 
lobed mixer designs

CFD is assisting in the design of new quiet propulsion 
systems

Image credit: Timothy Sandstrom
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Click to edit Master title styleBody-fitted grids for the m5 lobed mixer are difficult to 
generate and increase computational costs 
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Click to edit Master title styleImmersed boundary methods avoid the need to be 
body-fitted for complex geometries

Fluid Domain

Immersed Domain

Fluid Node

Immersed Node
(velocity driven to zero)
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Click to edit Master title styleAdaptation indicators are computed to target geometric 
boundaries via wall-distance calculations

Annular sector arc geometry

Geometry-based adaptation indicator

Key issue: non-smooth indicators result in non-
smooth meshes that generate discretization errors
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Click to edit Master title styleGeometry-based mesh redistribution provides near-wall 
resolution

Immersed Geometry



NASA @ SC24National Aeronautics and Space Administration

Click to edit Master title styleGeometry-based mesh redistribution provides near-wall 
resolution

Enhanced near-wall resolution
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Click to edit Master title styleGeometry-based adaptation is applicable to non-smooth 
surfaces

Geometric discontinuities
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Click to edit Master title styleThe solution procedure involves repeated parallel 
interpolation of data

Nonlinear Solution Procedure

Potential bottleneck
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Click to edit Master title styleLAVA uses a tile-based partitioning strategy

Grids are divided into sets 
of tiles with fixed size
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Click to edit Master title styleTiles are distributed using ParMetis

Two processors Five processors
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Click to edit Master title styleParallel interpolation leverages AD-tree data structures

Computed bounding boxes (black) for each tile

• Interpolation requires:
• Containing cells 
• Trilinear interpolation

• Bounding boxes are computed for each ‘owned’ portion 
of the tiles

• A hexahedral bounding box AD-tree is generated using 
the global set of tile bounding boxes
• Each processor retains ownership of the global tile bounding box 

tree

• Given a search point, we can quickly determine which 
tile its containing cell belongs to
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Click to edit Master title styleStrong scaling test on overlapping structured grids

Adapted

Input Grid

Overlap

Redistribution
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Click to edit Master title styleParallel interpolation algorithm demonstrates strong 
scalability

HPC Architecture:  
Aitken supercomputer at NASA Ames Research Center
AMD Rome nodes:

Two 64-core AMD EPYC 7742 Rome processors 
(2.25 GHz) and 512 GB of memory. 
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Click to edit Master title styleAdaptation is enabled by immersing the m5 lobed mixer 
in a cylindrical multi-block grid

m5 lobed mixer 
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Click to edit Master title styleAdaptation Computing Resources

HPC Architecture:  
Electra supercomputer at NASA Ames Research Center 
Skylake Nodes

Two 20-core Xeon Gold 6148 sockets (2.4 GHz) 
and 192 GB of memory. 

https://www.nas.nasa.gov/hecc/resources/electra.html 

• Number of grid nodes: 34,319,600

• HPC Architecture:
o 20 Skylake nodes
o 2  MPI ranks per host
o 20 threads per rank

• Wall-clock time:
o 8 minutes 53 seconds 

https://www.nas.nasa.gov/hecc/resources/electra.html
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Click to edit Master title styleAdaptation indicator is constructed to highlight near-
wall region

Adaptation
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Click to edit Master title styleNear-wall resolution improved without sacrificing speed
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Click to edit Master title styleAdaptation improves the numerical representation of 
the geometric boundary

Uniform Adapted
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Click to edit Master title styleNoise spectra accuracy is enhanced 
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Click to edit Master title styleFarfield directivity compares well to body-fitted 
approach
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Click to edit Master title styleConclusions and Future Work
• Geometry-based mesh redistribution enables higher quality immersed 

boundary grid systems

• Geometry-based mesh redistribution offers an alternative to structured 
overset gridding methodologies for complex geometries

• Results obtained for jet acoustic analysis of a dual-stream nozzle 
comparable favorably to traditional body-fitted approaches

• Future work will focus on the following aspects of the adaptation:

o Controllable wall resolution

o Automatic surface alignment

o Combined geometry- and adjoint-based adaptation
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