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High-fidelity simulations of turbulent flows require highly resolved grids, leading to unacceptably large computational
wall-time even on large supercomputers. In an attempt to address these conflicting constraints, we propose the use of a
hybrid LES/RANS scale-adaptive turbulence model [1], where a novel formulation of a dynamic filter allows to define
what can be resolved by the computational grid and time step on the basis of the modeled length and time scales:

νt = α νRANS + (1 − α) νLES (1)

The blending factor α is determined by the minimum resolvable scale, which is related to the local mesh size, and the
integration time step (to maintain temporal coherence). The timescale limitation is computed on the basis of the maximum
CFL of the flow: this allows for keeping a global consistency of the solution by filtering small-scale turbulent structures
that may have no correlation with upstream flow. On the other hand, the minimum resolvable length scale is determined
by the local flow characteristics. Here, the limiting parameter is not the mere mesh size by itself, but its ratio to the lower
limit of the inertial subrange, `i, through the LSR parameter [2]:

LSR =
∆f

`i
(2)

This approach greatly reduces the overall grid points in the simulation while fully resolving regions of high-turbulence. A
previously developed algorithm for dynamic mesh generation with topological changes (improved layer addition/removal
and reversible sliding interface) was enhanced and coupled with fast, robust compressible segregated flow solvers [3].
These algorithmic developments were made keeping in mind important considerations of load-balancing in order to
achieve good strong scaling on modern supercomputers. Massively parallel simulations were conducted on a classic
test-case: a square piston engine with a guillotine moving valve [4]. Two series of simulations are presented: with a fixed
open valve (“uncompressed” case) and with a moving valve (“compressed case”), see Fig. 1.
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Figure 1: Test case for validating the DLRM in moving geometries with topological changes. Left: description of two tested
configuration (with and without moving guillotine). Right: detail of the guillotine valve with sliding interface used to simulate
non-conformal coupling between valve and channel.

Simulation results show that DLRM provides a very good predictive capability with respect to both averaged fields and
turbulent quantities, like TKE. By means of its more fundamental approach, DLRM succeeds in complex flow features
like tumble vortex and recirculation regions are very well captured; in comparison, more classic modeling like kω-SST
RANS have less accuracy in predicting mean flow quantities. Proper-Orthogonal-Decomposition has been also applied to
evaluate turbulence dynamics prediction, showing good agreement with experimental data.
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Figure 2: Average streamlines for case with moving valve at CA = 120◦ (induction) and CA = 320◦ (compression).

Figure 3: Eigenvectors of phase-dependent POD of velocity at CA = 120◦ for the first three modes.
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