Computational Methods for Large Scale Environmental Flows

L. Bonaventura^∗ V. Casulli^† V. Moauro^‡ P. Zanolli^§

Unità operativa di Trento

A number of research activities has been pursued in the area of numerical modelling of environmental flows, aimed at proposing fully multidimensional, stable, accurate and efficient computational methods. The mathematical properties of the proposed methods have been investigated, especially regarding stability, good conditioning of the involved algebraic problems and computational efficiency of the resulting algorithms. Various applications of the new methods obtained to large scale simulation problems have been carried out and are planned for the future, in collaboration with research centers such as the Environmental Fluid Dynamics Laboratory (Stanford University, Stanford, USA), the United States Geological Survey (Denver, USA), the Bundesanstalt für Wasserbau und Aussenstelle Küste (Hamburg, Germany) and the German Weather Forecasting Service (Offenbach, Germany). In particular, hydrodynamical models on structured and unstructured meshes have been developed for free surface, hydrostatic and non-hydrostatic flows in estuaries and coastal seas (see [3, 4, 5]). The inclusion of non-hydrostatic pressure has been shown in [5] to be beneficial in high resolution simulations of harbours for structured grid models. A fully non-hydrostatic model on unstructured meshes presented in [4] has given a considerable gain in accuracy and efficiency of high resolution simulations, allowing for direct simulation of large scale tidal flows and smaller scale features such as recirculation zones and short waves on the same computational grid. A semi-implicit, semi-lagrangian mesoscale nonhydrostatic model has also been developed in [2], whose aim is an accurate and efficient simulation of flows over complex orography. This model has been tested in simulation of waves in the lee of isolated mountains, breaking gravity waves and valley winds. Other research areas have been the study of mass conservative schemes for the Saint Venant equations of open channel flow (see [7]) and the development of robust and accurate schemes for transport of passive and reactive solutes in large scale simulations (see [6]).

References

[1] L. Bonaventura, V. Casulli, Semi-Implicit Methods for Free Surface Environmental Flows, in Numerical Methods for Wave Propagation Phenomena, (E.F. Toro, ed.), Kluwer, 1998.

[2] L. Bonaventura, A Semi-Implicit, Semi-Lagrangian Scheme for a Fully Elastic, Nonhydrostatic Model of Atmospheric Flows, (1999), submitted.

[3] V. Casulli, P. Zanolli, A Three-Dimensional Semi-Implicit Algorithm for Environmental Flows on Unstructured Grids, in Proc. of Numerical Methods for Fluid Dynamics VI, Oxford, UK (M. J. Baines Ed.), ICFD Oxford University Computing Laboratory, pp. 57–70 (1998).

[4] V. Casulli, A Semi-Implicit Algorithm Numerical Method for Non-Hydrostatic Free Surface Flows on Unstructured Grid, in Proc. of Int. Workshop on Numerical Modeling of Hydrodynamic Systems, Zaragoza, Spain (P. Garcia Navarro and E. Playan, Eds.), pp. 175–193 (1999).

[5] V. Casulli, A Semi-Implicit Finite Difference Method for Non-hydrostatic, Free Surface Flow, Int. Jour. for Numerical Methods in Fluids 30, pp. 425–440 (1999).

[6] E.S. Gross, V. Casulli, L. Bonaventura, J.R. Koseff, A Semi-Implicit Method for Vertical Transport in Multidimensional Models, Int. Jour. for Numerical Methods in Fluids 28, pp. 157–186 (1998).

∗Dipartimento di Ingegneria Civile ed Ambientale, Università di Trento, bonavent@ing.unitn.it. †Dipartimento di Ingegneria Civile ed Ambientale, Università di Trento, casulli@science.unitn.it. ‡Dipartimento di Matematica, Università di Trento, moauro@science.unitn.it. §Dipartimento di Matematica, Università di Trento, zanolli@science.unitn.it.

[7] V. Casulli, P. Zanolli, A Conservative Semi-Implicit Scheme for Open Channel Flows, Int. Jour. of Applied Science & Computations 5, pp. 1–10 (1998).