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1. Introduction
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𝐻∗ = 1/1.34=0.74

Bifurcation with turbulent background
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𝑅𝑒 = 4.5 × 104

Grandemange, Gohlke & Cadot (PoF 2013)
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An overview of multistability

𝑅𝑒 = 2 × 105

Legeai & Cadot (ExiF 2020)



Zampogna & Boujo (J. Fluid Mech 2023)Grandemange, Gohlke & Cadot  

(Phys. Rev. E 2012)

Two equilibrium states with a wake deviation towards the major axis direction of the base



Krajnovic & Davidson (JFE 2003)

Rouméas. Gilliéron & Kourta (C&F 2008)
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Evrard, Cadot, Herbert, Ricot, Vigneron, & Délery (JFS 2016)

Pavia et al. (JFM 2020)

Perry, Pavia & Passmore (ExiF 2016)

Khan, Pastur, Cadot, Parezanović (JFM 2024)

McArthur, Burton, Thompson & Sheridan (JFS 2016)

Schmidt, Nayeri & Paschereit (ExiF 2018)

Our proposition …
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2. A complementary study of experiment 
and LES

Recirculating flow topology and reattachment

Fan, Xia, Minelli, Sebben & Cadot (Submitted to JFM 2025)

Fan, Parezanovic & Cadot (JFM 2022)





Délery, John Wiley and Sons (2013)

The asymmetric structure can increase or reduce the lift 
on the body through the vertical pressure gradient Ԧ𝑔.

?



Change of body attitude

Fan, Parezanovic & Cadot (JFM 2022)
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Reverse cross-flow angle Base pressure gradient angle

Wake orientation in attitude space





6. Conclusion and perspectives

• A 3D structure of the recirculating flow is proposed :

– The recirculating flow is subjected to a steady instability leading to an 
asymmetry towards the major axis of the base

– This asymmetry is associated with a circulation provoking the closure of the 
separated surface into two longitudinal vortices

• The LES will be applied to a moving ground (real boundary condition for 
ground vehicles) 
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Thank you for your attention



Role of static ground and suppports

Static Ground (SG)
Moving Ground (MG)

Static Ground No 
supports (SG-NS)



Separatrix equilibrium

Sychev, Balachandar, Roshko



Ground separation
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• Boundary layer (static floor)

• Adverse pressure gradient
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