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ABSTRACT

An automatic adaptive refinement algorithm is an important technique to reduce the computation
time while increasing the local accuracy of the numerical simulation. For this goal, the Residual
Least Squares (RLS) error estimator has been developed in the Author’s own code SOL [1-4], which
is suitable for h-adaptive algorithms on unstructured grids.

When applying a h-adaptive algorithm for the case with a complex geometry (curved boundary),
special attention is required in order to maintain the grid curvature. For this cases the adaptive grid is
dependent of the initial unstructured grid which must be provide by the user or by a grid generator,
also keeping a good grid quality is an important issue, during the adaptive refinement.

For this case, an alternative approach is to use an immersed boundary [5] or a cut cell [6] based
method, which does not require an initial grid shape, just the domain size must be defined. An
immersed boundary has been implemented in the SOL code based on a conservative cut cell
approach which maintains the grid quality and the local second order error decay is guarantee by
using a least squares method to correct the velocity nearby the complex geometry.

The main objective of the work is to validate the joint techniques of the h-refinement and immersed
boundary. The article consists in three parts: the first one shows an example of the adaptive algorithm
and error estimator, the second one is the verification of the proposed immersed boundary method
based in a conservative cut and the document concludes with an application of an automatic adaptive
refinement of the flow around cylinder using the developed immersed boundary method.

REFERENCES

[1] D. M. S. Albuquerque, J. M. C. Pereira and J. C. F. Pereira, “Refinement least squares
regression criteria applied to laminar flows”, Int. Conf. on Adaptive Modeling and Simulation
ADMOS, Paris, (2011)

[2] D. M. S. Albuquerque, J. M. C. Pereira and J. C. F. Pereira, “A new residual least squares error
estimator for finite volume methods - Applications to laminar flows”, Int. Conf. on Adaptive
Modeling and Simulation, ADMOS, Lisbon, (2013)

[3] J. Magalhdes, D. M. S. Albuquerque, J. M. C. Pereira and J. C. F. Pereira, “Adaptive mesh
finite-volume calculation of 2D lid-cavity corner vortices”, Journal of Computational Physics,
vol. 243 pp. 365-381, (2013)

[4] D. M. S. Albuquerque, J. M. C. Pereira and J. C. F. Pereira, “Residual least squares error
estimate for unstructured h-adaptive meshes”, Numerical Heat Transfer Part B, vol. 63(3), pp.
237-256, (2015)

[5] R. Mittal and G. laccarino, “Immersed boundary methods”, Annual Reviews Fluid Mechanics,
vol. 37, pp. 239-61, (2005)

[6] Y. Cheny and O. Botella, “The LS-STAG method: A new immersed boundary/level-set method
for the computation of incompressible viscous flows in complex moving geometries”, Journal
of Computational Physics, vol. 229 pp. 1043-1076, (2010)

39





