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Although extensively studied over the last decades, the treatment and modelling of turbulent 

flows remains one of the most challenging fields of CFD both in academia and industry. For 

massively separated flows at high Reynolds numbers, hybrid RANS-LES methods such as DES 

have proven to deliver a significantly enhanced prediction over established RANS models at 

manageable computational costs [4]. However, one core problem of these approaches still 

persists, which concerns the transition from quasi-steady RANS mode to scale-resolving LES 

mode in free mixing layers, a problem known as the Grey Area. Unfortunately, methods such as 

DES do not achieve this transition very quickly on typical grids, which hampers the predictive 

accuracy of DES especially for separated flows with weak natural instabilities. 

This contribution presents the most recent efforts to tackle the Grey Area problem within the 

framework of the EU-funded project GoHybrid (started in October 2013). In the project, we use 

OpenFOAM® as a development platform to explore new methods that aim to achieve a 

considerable acceleration for the transition of RANS to LES mode in free shear layers. Results 

are presented for a novel DES based approach recently published by Mockett et al. [1] on a 

range of test cases from academic to industrial applications (see Figure 1). These include a 

plane mixing layer, incompressible flow over a delta wing and an unheated compressible static 

round jet at M=0.9. The new approach adopts the form of the σ-model of Nicoud et al. [2] instead 

of the Smagorinsky model in LES-mode as well as a vorticity-adaptive formulation for the sub-

grid filter scale Δ. For all investigated cases, a significant improvement in behavior is seen 

compared to standard DES, with much faster development of turbulent content seen after 

separation. Quantitative prediction w.r.t. experimental benchmark data is also improved. The 

new method allows DES to be applied with greater confidence to a wider range of industrial 

applications such as jet flows, for which non-zonal hybrid RANS-LES methods were generally 

regarded as unsuitable previously [3]. 

In the framework of Go4Hybrid, OpenFOAM® is furthermore applied as a CFD tool for a work 

package referred to as “Common Assessment Platform”. The WP aims to consolidate the 

findings of the project by assessing the most promising non-zonal and embedded hybrid RANS-

LES approach in a common CFD code. The different partner-wise methods are being 

implemented in OpenFOAM® in order to eliminate the influence of numerics, which has 
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compromised comparability between different methods in previous projects. An overview about 

this activity will be given in the contribution. 

  

  

  
(a) Standard DES +      

 
(b) Improved σ-DES +     

Figure 1: Comparison of standard DDES (left) and novel σ-DDES (right) for different separated flows: Free 
mixing layer (top), incompressible flow over delta wing (middle), compressible jet at M=0.9 (bottom). 
Instantaneous flow structures are visualised via Q-criterion (top/middle) and vorticity magnitude (bottom). 

 

Acknowledgements                                                                                                                                                   

This work has been financed by the EU FP7 project “Go4Hybrid” (ACP3-GA-2013-60536-

Go4Hybrid). 

References 

[1] C. Mockett, M. Fuchs, A. Garbaruk, M. Shur, P. Spalart, M. Strelets, F. Thiele, A. Travin, “Two 

non-zonal approaches to accelerate RANS to LES transition of free shear layers in DES”, In: 

Progress in Hybrid RANS-LES Modelling, NNFM, vol. 130, pp. 187-202, Springer 2015.              

[2] F. Nicoud, H. Toda, O. Cabrit, S. Bose, J. Lee, “Using singular values to build a subgrid-scale 

model for large eddy simulations”, Physics and Fluids, 23(8):5106, 2011.                                   

[3] M. Shur, P. Spalart, M. Strelets, “Noise prediction for increasingly complex jets. Part I: 

Methods and tests”, International Journal of Aeroacoustics, vol. 4, no. 3, pp. 213-246, 2005.      

[4] P. Spalart, “Detached-Eddy Simulation”, Annual review of fluid mechanics, vol. 41, pp. 181-

202, 2009.                                                                                                                                                                                          


