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Overview

Computational Fluid Dynamics (CFD) Plays a Growing Role in Aerospace Analysis and Design

+ Effectiveness is largely driven by its reliability and efficiency

* Challenges may arise with more complicated physics involved

+ Key aerodynamic quantities can show insufficient convergence

+ Strong solver technology demanded for robustness, accuracy, and efficiency of CFD solutions

Objectives

 Investigate a hierarchical adaptive nonlinear iteration method (HANIM) to improve reliability and efficiency of CFD solutions
* Implement HANIM solver in NASA’s FUN3D code based on unstructured-grid, node-centered, finite-volume discretizations
» Compare HANIM computational efficiency with FUN3D legacy solver

HANIM Applications

Steady and unsteady Reynolds Averaged Navier-Stokes (RANS) equations with one-equation turbulence models

Static, dynamic, overset grid simulations

Low-speed, subsonic, transonic, and supersonic flows

Present assessment focused on steady flow simulations
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Numerical Examples

» Subsonic Flow over a Hemisphere Cylinder

o Linear one-equation turbulence model (SA-neg)

o Nonlinear one-equation turbulence model with quadratic constitutive relation (SA-neg-QCR2000)
» Subsonic Flow over NASA’s Wing-Fuselage Junction Configuration

o SA-neg-QCR2000 turbulence model



Subsonic Flow over Hemisphere Cylinder

Flow Conditions: M, = 0.6, AoA = 19°, Rep = 350,000

Linear SA-neg turbulence model

Grid Nodes Cells Prisms / Hexahedra
4 147,637 153,600 30,720/ 122,880
3 1,143,081 1,228,800 245,760 / 983,040
2 8,995,153 9,830,400 1,966,080 / 7,864,320
1 71,368,353 78,643,200 15,728,640 / 62,914,560

Grid 2

Pressure

o Nonlinear residual convergence target (for all solvers): 1013
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o HANIM achieved 2.0-2.4x speedup over legacy solver and
2.1-2.6x over PA solver



NASA Juncture Flow Model Simulations

SA-neg-QCR2000 turbulence model 4,784,640 10,785,042 5,952,907 / 47,495 / 7,479,778
| 13,036,210 37,126,819 16,645,072 / 112,989 / 20,368,758

Configuration and Computational Grids
P 37,131,844 113,428,664 58,432,891 / 227,396 / 54,768,377

\ 106,090,663 420,167,293 307,693,938 / 374,233 / 112,099,122

g “ z
\ Y
\ X
N ) .
RN Grid E
Grid |
Juncture region
of interest
cp: -2.8900 -2.5829 -2.2758 -1.9688 -1.6617 -1.3546 -1.0475 -0.7404 -0.4333 -0.1263 0.1808 0.4879 0.7950

cf x: -0.0024 -0.0003 0.0017 0.0037 0.0057 0.0078 0.0098 0.0118 0.0139 0.0159 0.0179 0.0199 0.0220

o Nonlinear residual convergence target (for all solvers): 1.510-10




Nonlinear lterative Convergence
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Assessment of HANIM Solver

o 1-2 orders of magnitude (OOM) fewer nonlinear iterations than Legacy/PA to achieve convergence
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Performance Assessment

Nonlinear lterations
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o HANIM achieved 1.2-5.6x speedup over legacy solver and
1.6-7.8x speedup over PA solver



Aerodynamic Predictions
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o HANIM and legacy solvers produced identical solutions

o Predicted solutions compare well with experimental measurements

o Additional data provided in the paper
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Conclusion

HANIM implemented in NASA computational fluid dynamics solver, FUN3D
o Hierarchy of solution modules including preconditioner, GCR, realizability check, nonlinear control, and CFL
adaptation modules
HANIM demonstrated for three benchmark problems

o Subsonic separated flow around a hemisphere-cylinder (HC) configuration
o Supersonic flow through a long square duct (SD, shown in paper)

o Subsonic flow over the NASA juncture-flow model (JFM)

HANIM compared with legacy and preconditioner-alone (PA) solvers

o Fewer nonlinear iterations
o Orders of magnitude higher CFL
o Moderate speedup of 1.6-2.4x for HC and SD

o Superior performance for JFM with speedup of 4.71-5.6x

HANIM future directions

o Future improvements in efficiency and robustness

o Extension to GPU architectures and reacting-flow simulations
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