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ABSTRACT

Wall-modelled large-eddy simulation (WMLES) provides an affordable route to high-Reynolds-number wall
turbulence, but its near-wall fidelity often remains limited: outer-layer motions may be reasonably captured, while
the large-scale wall-shear signal and the resulting near-wall statistics can still be inaccurate [1-4]. This motivates
methods that do not rely directly on the raw WMLES wall signal, but instead reconstruct the large-scale wall shear
stress from outer-layer information and then use a physics-based near-wall model to recover the missing statistics.

In this work, we present a physics-guided framework for reconstructing near-wall turbulence from existing
WMLES data. The method combines three ingredients. First, a spectral redistribution step reshapes the large-scale
energy distribution of outer-layer velocity slices toward a DNS-based reference. Second, a DNS-trained spectral
linear stochastic estimation (SLSE) kernel maps the outer-layer large-scale velocity field to the large-scale wall-
shear vector [5,6]. Third, the reconstructed wall shear drives a quasi-steady-quasi-homogeneous (QSQH) synthesis
of near-wall velocity fields from precomputed universal boxes [7,8].

The framework is built on the inner—outer interaction picture of wall turbulence, in which large-scale motions leave
a coherent footprint at the wall and modulate the near-wall cycle [5,9]. The QSQH component further assumes
that, when the large-scale wall-friction field varies slowly enough, the near-wall response can be represented in local
wall units defined by the large-scale friction velocity and direction [7,8]. Applied to turbulent channel flow, the
method restores a more DNS-like low-wavenumber wall-shear spectrum and improves reconstructed near-wall
mean velocity and turbulence intensities over a range of Reynolds numbers. The framework is solver-independent,
computationally inexpensive, and offers a practical route to enhancing the near-wall statistical fidelity of WMLES
without modifying the underlying LES solver or wall model.
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