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Manipulation of dynamical properties of 
turbulent near wakes for drag reduction

Drag reduction of ground vehicles is a major challenge 
due to increasing need for reducing energy consumption 
and air pollution. Flows around such bluff bodies are 
locally or massively separated. The large scale, near wake 
recirculating region, at the back of the body is responsible 
for most of the pressure drag. Our aim is to reduce this 
part of drag. For this, we analyze wake dynamics and its 
link with pressure drag to develop smart bluff body wake 
manipulation strategies.
We will first focus on manipulation of the global wake 
balance (Barros et al. 2017, Li et al. 2019, Haffner et al. 
2021) for square back geometries. Both “wake pressure 
control” devices (namely flaps or tapers) and “turbulence 
control” strategies using high frequency pulsed jets 
interacting with control surfaces will be used. For 
symmetry breaking events, we will quantify and analyze 
the unsteady reduction of base drag observed during 
wake reversal (Haffner et al. 2020).
We are also interested in reducing emissions in real-
life driving conditions, which is a major issue for the 
automotive industry. Elaborating on on-road tests using 
a Stellantis test rig, we will present recent research work 
(Cembalo et al. 2023) aiming at reducing the vehicle drag 
under real driving conditions. Recent achievements of 
closed loop control of base drag variation for time varying 
upstream flow conditions will be discussed. In particular, 
we will show that the base drag can be made insensitive 
to slowly varying wake perturbations using such strategy.
A road vehicle is a multi-scale geometry and it is well 
known that the wheels and their interactions with the 
vehicle body account for more than 25 % of the total 
aerodynamic drag. We will show how all the recent 
basic knowledge acquired on such wakes can be used to 
educe the salient features of wheel-vehicle aerodynamic 
interaction and their consequences for drag (Bao et al. 
2022, Bao et al. 2023).
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