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Background

« Adaptive Mesh Refinement (AMR)

— AMR is a method of dynamically adapting the accuracy of a
solution within certain regions of a simulation, i.e. during the
time the solution is being calculated.

— The main idea of AMR is to enable higher accuracy at lower
cost, through an automatically optimal distribution of mesh cells
In the concerned computational region.



Background

 Advantages of AMR
— Computational savings over a static mesh approach.
— Storage savings over a static mesh approach.
— Full control of the mesh resolution.

— More detailed physics for the same number of cells as for a
static mesh.

 Main Applications
— To solve hyperbolic systems of conservation laws.
— Problems with large dynamic range of scales.
— Local enhancement of resolution is sufficient.



Background
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Introduction to the HAMISH Code

* AMR in HAMISH (h-refinement)
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Introduction to the HAMISH Code
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Introduction to the HAMISH Code

* Flux Calculation (linear scheme)
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Introduction to the HAMISH Code

* Flux Calculation (CENO Flux Reconstruction)
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Code Tests

* 1-D thermal diffusion problem

*Pure Diffusion Case

e[nitial condition

*Periodic Condition for All Boundaries
*No Chemical Reaction
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Code Tests

* 1-D thermal diffusion problem
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Code Tests

« 1-D planar flame results
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Code Tests
* 1-D planar flame results with AMR
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Code Tests

* 1-D planar flame results with AMR
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« Fixed grid simulation with 2048 cells.
 AMR simulation finished with 157 cells.



Code Tests

Head-on quenching
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Code Tests

o 2-D thermal diffusion problem

*Pure Diffusion Case

*No Chemical Reaction
e[nitial condition

*Periodic Condition for All Boundaries
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Code Tests

o 2-D thermal diffusion problem
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Code Tests

o 2-D thermal diffusion problem
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Code Tests

« 3-D Taylor-Green Vortex
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Code Tests

« 3-D Taylor-Green Vortex
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Code Tests

« 3-D Isotropic decaying grid turbulence

SRR N AN

z

o ¢ /&\
T
A S |
A Y
TR,
41

Q-Criterion Vorticity magnitude Velocity magnitude

X

« Fixed grid 128x128x128
« The choice of AMR criterion needs to be adjusted.
« Currently enstrophy based AMR criterion is being tested.



Scalability and Code Profiling

« Scalability of HAMISH with AMR off (1283 cells)
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Scalability and Code Profiling
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STEPPR Time stepping of the solution, including calculating RHS
ADAPTM  Adapts the spatial mesh




Summary and Perspectives

The HAMISH code was tested and its accuracy was assessed.
Good performance and scalability were observed.

Adaptive mesh refinement presents a better capability in resolving flame
front, using fewer computational cells, compared to a simulation using the
fixed mesh-based solver.

More than 60% of the CPU resource is spent in the mesh adaptation-related
computations when AMR is activated at every time-step.

The current HAMISH code shows its capability in capturing small-scale
structures and interfaces in turbulent reacting flows.

Code optimisation.

Level set model for two-phase flow.
Post-processing module for turbulence simulation.
OpenMP support.
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