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Å Founded in Berlin in January 2019
Å Six-strong team (five co-founders):
ï Established team with a total of 60 years professional experience

Å Areas of expertise:
ï Turbulence modelling
ï Aeroacoustics
ï Numerical methods
ï Optimisation
ï High-performance & cloud computing

Å Our objective: 
To enable the deployment of high-fidelity CFD in industrial design processes.

www.upstream-cfd.com

http://www.upstream-cfd.com/


Investigation of enhanced shielding function

Å Results from AutoCFD1 Workshop (Case 1: SAE Notchback) showed significant shielding 
problems for our grey-area improved „-DDES

Å Separation on rear slant occurred, not seen in PIV and pressure measurements

Å UCFD aim for AutoCFD2 Workshop:
Compare DDES standard shielding function of Spalartet al. (2006)1)Ųō ɳĎňĪëňĄĎĊ 
ŦũōŲĎĄŲĮōňɴ ɥD¯ɦ ƐĎũŬĮōň ōģ @ĎĄĿ ʨ ²ĎňëũĊ ɥȟȝȞȦɦ2)
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PIV „-DDES

1) Spalart, Philippe & Deck, Sebastien & Shur, Michael & Squires, Kyle & Strelets, Michael & Travin, A.. (2006). A New Version of Detached-eddy Simulation, Resistant to Ambiguous Grid Densities. Theoretical and Computational Fluid Dynamics. 20. 181-195. 10.1007/s00162-006-0015-0. 
2) Deck, Sebastien & Renard, Nicolas. (2019). Towards an enhanced protection of attached boundary layers in hybrid RANS/LES methods. Journal of Computational Physics. 400. 108970. 10.1016/j.jcp.2019.108970.



Averaging  time

µµ»ʍ„ʍ@@Dµ πȢυί

µµ»ʍ„ʍ@@DµʌD¯ ςȢπί

Simulation setup

Å Geometry: Case 2 DrivAernotchback committee grid (ANSA, 128M cells, Hi-Re)
Å Compared simulations:

ï SST-RANS
ï SA-RANS
ï SST-„-DDES:  Standard shielding function of Spalartet al. (2006)1)

ï SST-„-DDES + EP: Enhanced protection with shielding function of Deck & Renard (2019)2)

Å OpenFOAM-v2012
Å DDES modelling and numerics: 

ï 2ndorder in space and time
ï Grey-area improved „- DDES, see M. Fuchs et al. (2020)3)

ï Customised solver based on pimpleFoam
ÅReduces strength of dissipation from Rhie & Chow interpolation
ÅSee Montecchia et al. (2019)

ï Hybrid convection scheme of Travinet al. (2000)4)

Å Timestep: Ўὸ ρȢπ ρπί
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1) Spalart, Philippe & Deck, Sebastien & Shur, Michael & Squires, Kyle & Strelets, Michael & Travin, A.. (2006). A New Version of Detached-eddy Simulation, Resistant to Ambiguous Grid Densities. Theoretical and Computational Fluid Dynamics. 20. 181-195. 10.1007/s00162-006-0015-0. 
2) Deck, Sebastien & Renard, Nicolas. (2019). Towards an enhanced protection of attached boundary layers in hybrid RANS/LES methods. Journal of Computational Physics. 400. 108970. 10.1016/j.jcp.2019.108970.
3) Fuchs, Marian & Mockett, Charles & Sesterhenn, Jörn& Thiele, Frank. (2020). The Grey-Area Improved „-DDES Approach: Formulation Review and Application to Complex Test Cases. Proc. 7th Symposium on Hybrid RANS-LES Methods
4) A.Travin, M.Shur, M.Strelets, and P.R. Spalart. Physical and Numerical Upgrades in the Detached-Eddy Simulation of Complex Turbulent Flows. InAdvances in LES of Complex Flows, volume65 ofFluid Mechanics and Its Applications, pages 239ɭ254, Munich, Germany, 2000. Springer Netherlands.

Initial  transient

ρȢπί

https://www.researchgate.net/publication/338191552_Improving_LES_with_OpenFOAM_by_minimising_numerical_dissipation_and_use_of_explicit_algebraic_SGS_stress_model
http://doi.org/10.1007/0-306-48383-1_16


Qualitative results: Normalised 1-criterion

26.08.2021 2nd Automotive CFD Prediction Workshop, Berlin, Germany 5

SST-„-DDES + EPSST-„-DDES

Low dissipation numericsensure resolution of fine-grained turbulent structures
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Quantitative results: Force coefficients
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Å Measurement data from Hupertz et al. (2021)1)

Ȟɦ [ŵŦĎũŲƟɗ 9ɖɗ :ĪëŁŵŦëɗ kɖɗ kũŵĎĤĎũɗ lɖɗ [ōƑëũĊɗ kɖ ĎŲ ëŁɖɗ ɳwň ŲĪĎ !ĎũōĊƗňëŇĮĄŬ ōģ ŲĪĎ rōŲĄĪăëĄĿ wŦĎň :ōōŁĮňĤ DrivAerɘ ! @ĎŲëĮŁĎĊ ^ňƐĎŬŲĮĤëŲĮōň ōģ ÒĮňĊ »ŵňňĎŁ @ëŲë ģōũ ^ŇŦũōƐĎĊ :ōũũĎŁëŲĮōň ëňĊ ²ĎģĎũĎňĄĎɗɴ µ!D ^ňŲɖ iɖ !ĊƐëňĄĎŬ ʨ Curr. Prac. in Mobility3(4):1726-1747, 2021, doi:10.4271/2021-01-0958.

Å Drag barely affected by choice of DDES 
shielding function or RANS model

Å RANS closer to measurement in this case

Å Lift very sensitive 
Å DDES: Barely statistically relevant improvement 

towards measurement through enhanced shielding
Å SA-RANS clostestto experiment

+7.2%+4.3% -49%-17%



Quantitative results: Front/rear lift balance
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Å Measurement data from Hupertz et al. (2021)1)

Ȟɦ [ŵŦĎũŲƟɗ 9ɖɗ :ĪëŁŵŦëɗ kɖɗ kũŵĎĤĎũɗ lɖɗ [ōƑëũĊɗ kɖ ĎŲ ëŁɖɗ ɳwň ŲĪĎ !ĎũōĊƗňëŇĮĄŬ ōģ ŲĪĎ rōŲĄĪăëĄĿ wŦĎň :ōōŁĮňĤ DrivAerɘ ! @ĎŲëĮŁĎĊ ^ňƐĎŬŲĮĤëŲĮōň ōģ ÒĮňĊ »ŵňňĎŁ @ëŲë ģōũ ^ŇŦũōƐĎĊ :ōũũĎŁëŲĮōň ëňĊ ²ĎģĎũĎňĄĎɗɴ µ!D ^ňŲɖ iɖ !ĊƐëňĄĎŬ ʨ Curr. Prac. in Mobility3(4):1726-1747, 2021, doi:10.4271/2021-01-0958.

Å Underprediction of overall lift mainly due 
to overestimated front downforce for all 
simulations

Å DDES: No statistically significant 
difference between results

Å DDES: Rear lift significantly improved by EP

-8%-15%+15%



Quantitative results: Shielding function Ὢ
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SST-„-DDES SST-„-DDES + EP

Å Significantly larger area shielded (Ὢ π) by EP 
version, see contour and sample line plots

Å Shielding function of EP version aligned with the 
’-boundary layer

Å EP version closer to RANS ’-profile
Å Islands emerge in the shielding function as 

intermittent bursts of resolved turbulence travel 
downstream from the windscreen cowl


