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Flow simulations in large scale discrete fracture networks with the hybrid high-order (HHO

method.

UFM (Unified Fracture Model)

Flow simulations in large scale discrete fracture networks with the hybrid high-order (HHO) method. Thanks a lot for your attention !

Flow•➢❑❑

  is impervious: flow is only simulated in the fractures • Study of steady state flow • There is no longitudinal flux in the intersections of fractures Flow simulations in large scale discrete fracture networks with the hybrid high-order (HHO) method. Combination of HHO and Mesh refining/Coarsening Strategies for Efficient Flow Solvers in Fractured Rocks 4 Discrete unknowns on each finite element are: • On mesh faces • Inside the elements • Algebraically, we obtain a Schur complement system for only the faces unknowns, and known to be symmetric positive definite. • Local gradient reconstruction from cell and face unknowns • A stabilization term ensures that the traces of the cell unknows and the face unknowns match in a least-squares sense. • Conservative fluxes are built from the sum of two terms ✓ the normal component of the reconstructed gradient ✓ A correction term coming from the stabilization • Main advantages of HHO: ✓ Feature 1: Globally and locally mass conservative method (whatever k ≥0) ✓ Feature 2: Face polynomials of order k ≥0 ✓ Feature 3: Support general meshes (polygonal/polyhedral cells) The Hybrid High Order (HHO) method Cicuttin, M. and Di Pietro, D.A. and Ern, A. Journal of Computational and Applied Mathematics (2018) Di Pietro, D.A and Ern, A. and Lemaire, S. Computational Methods in Applied Mathematics (2014) Cockburn, B. and Di Pietro, D.A. and Ern, A. ESAIM: M2AN (2016) ✓ Software: ❑ Library Disk++ for HHO (open-source) ❑ NEF++ (Inria) for an application to DFNs ❑ Prune (Inria) for automatic parameter studies Flow simulations in large scale discrete fracture networks with the hybrid high-order (HHO) method. Evaluation of the equivalent permeability ❑ Recommendations ✓ use a face polynomial order 𝑘 at least equal to 1, instead of refining a mesh while keeping 𝑘 = 0 ✓ choose 𝑘 = 1 on a mesh fine rather than 𝑘 > 1 on a coarser mesh ❑ We have successfully tested the HHO method on large scale DFN (more than 1 million of fractures) The implementation of the method is locally and globally conservative (whatever k ≥0) thanks to the basis functions ❑ The use of high order is an advantage to compute a more accurate flow in DFN ❑ We have shown that the use of non-matching meshes, the channelling effect of DFN flow and the polygonal feature of the HHO method allows to reduce the number of #dofs and therefore the RAM requirements in DFN flow simulations. Conclusion Perpectives Further reduction of the #dofs by using the additional recent features of HHO (Unfitted HHO; merging triangles in polygons) ❑ Studying an iterative solver to reduce the RAM requirements A. Miraçi, J. Papež, and M. Vohralík (2020) A Multilevel Algebraic Error Estimator and the Corresponding Iterative Solver with p-Robust Behavior. SIAM J. Numer. Anal., 58(5), 2856-2884. E. Burman and A. Ern, An unfitted hybrid high-order method for elliptic interface problems, SIAM J. Numer.Anal., 56(3), 1525Anal., 56(3), -1546Anal., 56(3), (2018) ) 

  

How to take advantage of polygonal cells?

Comparison with the fine mesh flow simulation: -12% to -16% time and -7% to -10% RAM Most contributing fractures → step of 1.5

The others → mesh step of 2.

Vertices of the triangles Extra vertices to create a polygon