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 The simulation of resolved wall-bounded turbulence using hybrid 

RANS/LES methods requires a turbulent injection at the inflow, provided 

for instance by the Synthetic Eddy Method (SEM) [1]. Compared with 

Wall Resolved Large Eddy Simulation, the boundary condition in a Wall-

Modelled LES is more demanding because of the lack of resolution of the 

innermost turbulent dynamics. The performance of the method may be 

significantly improved by means of a Dynamic Forcing (DF) strategy [2]. 

However, the spurious acoustic footprint of most turbulent injection 

methods is not acceptable for aeroacoustic studies and specific attention 

has to be paid to this issue [3]. 

 

 In the present study, a 

low-noise turbulent injection 

strategy is proposed for Zonal 

Detached Eddy Simulation 

(ZDES [4]) in its third mode 

performing a WMLES [5]. This 

strategy involves physics-based 

roughness elements triggering 

the modelled-to-resolved 

transition of turbulence and 

described by Zonal Immersed 

Boundary Conditions (ZIBC 

[6]). The approach is enhanced 

by the Dynamic Forcing, 

resulting in a relaxation distance 

smaller than 10 δ0 and a strong 

reduction of the spurious noise 

(fig. 1). The resolved pressure 

fluctuations in the boundary 

layer are not dominated by 

spurious noise and have a 

physical spectral content (fig. 2), 

paving the way for applications 

such as high-lift multi-element 

aerofoil noise prediction (fig. 3). 
 

 
Fig. 1 Iso-Q criterion (Q=0.25 

U0²/δ0²) coloured by sign(ωx), 

instantaneous pseudo-dilatation field 

(gray scale). SEM (top), white noise 

(middle), new ZIBC-based approach 

(bottom). 
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Fig. 2 Resolved pressure fluctuations in a flat-plate zero-pressure-gradient 

turbulent boundary layer at Reθ = 5200. Left: rms profile; right: power 

spectral density of wall pressure. Cases A: SEM, B: white noise, C: present 

new ZIBC-based approach. 

 

Fig. 3 Instantaneous pseudo-dilatation field around a high-lift configuration using 

white noise forcing on the left and the new ZIBC-based approach on the right 
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