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Simulation of complex unsteady flows, which is actually the typical situation for real-life
problems, still remains a challenge because they are very time consuming. To reduce the
CPU time of these simulations while preserving their accuracy, anisotropic metric-based
mesh adaptation, which has already proved its efficiency for steady problems, appears as
a salutary perspective. However, its extension to the unsteady case is far from straight-
forward. This work proposes a parallel time-accurate mesh adaptation scheme.

The current approaches dealing with time-dependent mesh adaptation adapt the mesh
either at a fixed frequency [3], sometimes using local adaptive remeshing enabling the
construction of anisotropic meshes [6], or when an error threshold is passed [2]. All these
approaches involve a large number of adaptations while introducing unquantified errors
due to the transfer of the solution from the old mesh to the new one.

The proposed approach relies on a space-time error analysis in the continuous mesh frame-
work [4]. The Lp continous space-time error is minimized in space and in time. To avoid
frequent remeshings, the simulation time frame [0, T ] is split into nadap adaptation sub-
intervals: [0, T ] = [0 = t0, t1] ∪ [t1, t2] ∪ · · · ∪ [tnadap−1, tnadap

] , and the same adapted mesh
is kept for each time sub-interval. On each sub-interval, the mesh is adapted to control
the solution accuracy from ti to ti+1. The unsteady simulation is thus performed with
nadap different adapted meshes. To converge the non-linear mesh adaptation problem, we
use an enhanced version of the iterative fixed-point mesh adaptation algorithm of [1].

Roughly speaking, at each fixed-point iteration, an error estimate is computed on the
go on each sub-interval as a mean error on samples of the solution. Once the whole
simulation has been run, a global normalization term is computed, and a metric field
is deduced for each sub-interval. New adapted meshes can then be generated, through
the use of a local remeshing software [5]. A key step is the P1-conservative interpolation
between two adapted meshes.
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A result of the adaptation loop on a classical 3D blast test case, a circular blast reflecting
on the walls of a surrounding box, is presented in Figure 1. 24 sub-intervals were used and
4 fixed-point iterations were performed. A mean mesh size of 320 000 vertices is imposed
for each sub-interval, and the minimal element size is 0.0002.

Figure 1: Blast solutions and meshes at times 0.0175, 0.20 and 0.7, after 5 fixed-point iterations.

All stages of the algorithm have been parallelized using multi-threads. An advantage
of the method is to be able to generate all adapted meshes independently in parallel.
Comparisons of timings on different numbers of cores are provided in Table 1 for the blast
problem.

Number of processors 1 2 4 8 8 + hyperthreading
Total computation time (in min) 1623 865 484 276 223

speedup 1 1.9 3.4 5.9 7.3

Table 1: Parallel timings for the blast adaptation.
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