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ABSTRACT

In recent years the increasing attention to high-order spatial discretization schemes put forward the de-
velopment of high-order temporal methods to perform very accurate simulations of unsteady flows. The
aim of this paper is to investigate and evaluate multi-step methods that are an enhanced evolution of the
more common Backward Differentiation Formulae (BDF), collectively named in [1] Implicit Advanced
Step-point (IAS) methods. Among them, the Two Implicit Advanced Step-point (TIAS) method has the
best stability properties being A-stable with order up to 6. The general TIAS algorithm involves four
stages: the first three are predictor stages that use a standard k-step BDF scheme, the last one is a correc-
tor stage that uses an advanced implicit k-step formula of order k+ 1. The TIAS method was presented
in [1–3], where the focus was to describe the theoretical development and the mathematical framework
of this new technology without any numerical application. In this work we present numerical results
obtained using this advanced multi-step method applied to a high-order Discontinuous Galerkin (DG)
discretization of the Navier-Stokes equations [4].

The performance of the DG-TIAS scheme has been evaluated by means of two test cases: an inviscid
isentropic convecting vortex and a laminar vortex shedding behind a circular cylinder. The first test case,
for which an exact solution is available, aims at assessing the accuracy and the order of convergence
of the scheme by performing a temporal refinement study. The second test case aims at evaluating
the potential of this approach for more realistic problems. To clearly illustrate the advantages of the
high-order time discretization, the results of the sixth-order accurate TIAS scheme (TIAS6) will be
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compared with the results obtained with the standard second-order accurate BDF scheme (BDF2) using
the same fourth-order accurate spatial discretization (P3 elements). Fig. 1 shows the numerical pressure
profiles for the inviscid test case after one period T of vortex revolution using the P3-BDF2 and P3-
TIAS6 schemes. Fig. 2 shows the snapshots of the velocity magnitude field for the unsteady vortex
shedding behind a circular cylinder computed with the P3-BDF2 (top row) and the P3-TIAS6 (bottom
row) schemes for a fixed time step ∆t ' T/10, where T is the vortex shedding period.
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Figure 1: Comparison of the computed pressure
profiles with respect to the exact solution along the
diagonal d of the grid for ∆t = T/40.

Figure 2: Snapshots of the velocity magnitude field
for ∆t ' T/10. Top row: P3-BDF2, bottom row:
P3-TIAS6.
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