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The problem of flow around the wedge-shaped body with a three-dimensional backward-
facing step at transonic flow regime is considered (the model is presented at Fig. 1 (left), 
height of the step is 0.0838L). The characteristic Reynolds number of the problem based on 
the length of the wall upstream the backward step 6Re 7.239 10= ⋅ , the Mach number 

0.913M = . The unstructured mesh used in the simulation contains 16M nodes and 92M 
tetrahedrons. The computation was performed using the IDDES [1] approach and in-house 
code NOISEtte [2]. The purpose of the investigation was to study the complex flow over the 
three-dimensional backward-facing step and to identify the noise-generation mechanisms for 
the given configuration. 
 

 
Fig. 1: Model of wedge with third-dimensional backward-facing step (left) and 

instanteneous flow field in the central 2D section downstream the step (right) 
 
As seen from the instantaneous flow field on Fig. 1 (right), the numerical transition of the 
mixing layer stalled from the step edge to three-dimensional regime is delayed. It results in 
the significant downstream shift of the bottom-wall reattachment point at the distance about 
one step height with respect to the corresponding experimental value, while in general the 
numerical and experimental results were quite similar. It may be explained by the following 
reasons. First, it could happen due to inadequate grid resolution in the spanwise direction (Z) 
in the centre part of the model, which is about 3δ  ( δ  – boundary layer thickness over the 
wall upstream the step). Second, it can be explained by the use of hybrid numerical scheme 
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for inviscid fluxes. The point is that the pure central-difference scheme, when it is used on 
unstructured meshes, can cause an unstable behavior of the solution. To stabilize it, a small 
scheme dissipation in the LES zone is to be added. The problem is complicated by the 
existence of supersonic zones and shocks in the vicinity of the mixing layer.  
 
To resolve this issue, a series of investigations was carried out for a simplified configuration 
presenting a cutout part of basic configuration of width 0.25L with the periodicity boundary 
conditions in the spanwise direction (see the area marked in red on Fig. 1 , left). The mesh 
resolution in all directions remained the same. 
 

 
Fig. 2: Averaged streamwise velocity (left) and pressure coefficient on the bottom wall 

(right) downstream the backward-facing step from 3 obtained unsteady simulations 
 
The IDDES computations were carried out in 3 regimes: using the upwind numerical scheme 
(1st regime); using the hybrid numerical scheme for inviscid fluxes (2nd regime); using the 
hybrid numerical scheme for inviscid fluxes and the modified definition of mesh length scale  
in the area downstream the backward step (3rd regime). The main detail of modification was 
the artificial reduction of mesh step z∆  in the formula for ( )max , ,x y z∆ = ∆ ∆ ∆ . As a result, 
the numerical transition of the mixing layer to the unsteady 3D mode occurred earlier and 
noticeably changed the averaged flow field and pressure coefficient (see Fig. 2). Further, this 
technique was successfully applied to the fully 3D configuration. 
 
All the above considerations are more or less related to the problem of “grey area” in the 
hybrid RANS/LES methods. The specificity is that we try to solve this problem on 
unstructured meshes.  
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