
Post-Doc position

Physics of flow control using high fidelity numerical simulations

Subject: For road transportation, the highest energy losses are aerodynamic when speeds above 50 km/h are
reached. Shape optimization techniques have now reached their limit and can only bring small improvements at
the  cost  of  considerable  experimental  and/or  computational  efforts.  In  this  context,  reactive  flow  control
strategies can provide the technological breakthrough needed to achieve the 35%  reduction of CO2 emmission
target set at by EU  in 2035.  In the aeronautical field too, flow control has become an issue for drag reduction as
well  as  lift  improvement.  These  improvements  will  directly  result  in  a  reduction  of  nuisances  (polluting  or
emissions),  consumption and improved  safety  in  flight.  Other  areas could  be impacted  by  effective control
technologies, for example the field of wind turbines, turbomachinery or marine transportation. For more than ten
years,  researchers  have  succeeded  in  delaying  flow  separation  by  completely  reorganizing  the  turbulence
upstream of the separation to restore the momentum of the fluid at the cost of a significant energy expenditure.
The work carried out on massive detached flows has therefore shown the limitation of these methods in terms of
energy balance.

The aim of the present subject is to build an extensive and well documented numerical database in order to
investigate  the  physics  of  detached  turbulent  flows.  The  objective  of  the  post-doc  is  to  perform  a  Direct
Numerical Simulation of a configuration of detached flow, without active control as a first step, similar to the one
studied for the last 10 years in the LMFL high Reynolds number wind tunnel (see Fig. 1). In a second step this
new database will  be used to analyse the physics of the flows in order to establish correlation between the
physics of detachement to the coherent structures of upstream turbulence and coherent structures generated by
the control. The detailed energy transfer in space and scale will also be investigated. The simulations will be
perfomed in close collaboration with the  Aerodynamics, Aeroelasticity, Acoustics Department  of ONERA using
one of their massively parallel codes already validated for HPC [6].

Fig.
1: Experimental setup in the LMFL wind tunnel

Laboratory: Laboratoire de Mécanique des Fluides de Lille – Kampé de Fériet (LMFL) is a joint laboratory
between:  ONERA,  CNRS,  Centrale  Lille,  University  of  Lille,  Ecole  Nationale  Supérieure  d’Arts  et  Métiers
(ENSAM), where 35 faculties and engineers work in the fields of turbulence, aerodynamics and flight physics.
The  team hosting  the  Post-Doc  is  involved  in  fundamental  study  of  turbulence,  and  optical  measurement
techniques. The fellowship is provided in the framework of the ELSAT2020 project.

Fellowship: The salary is 2200 € per month and the employer is Centrale Lille  (one the  leading  French
Engineering School). The 12 months fellowship can start any time until July 2019.

http://www.frttm.fr/elsat2020
http://lmfl.cnrs.fr/


Candidate: The candidate should have a solid background in numerical simulation and turbulence theory. An
experience in High Performance Computing on supercomputers will be appreciated.

Contact:  For application or additional information please contact 
J.-P. Laval, Senior Researcher at CNRS
+33 (0)3 20 33 71 60
jean-philippe.laval@univ-lille.fr
http://imp-turbulence.ec-lille.fr/Webpage/Laval/

References:

[1] I. Solak, J. -P. Laval, 2018, Large-scale motions from a direct numerical simulation of turbulent boundary layer, Phys. Rev.
E 98, 033101

[2]  C. Cuvier, S. Srinath, M. Stanislas, J.-M. Foucaut, J.-P. Laval, C. J. Kähler, R. Hain, S. Scharnowski, A. Schröder, R.
Geisler, J. Agocs, A. Röse, C. Willert, J. Klinner, O. Amili, C. Atkinson, J. Soria, 2017. Extensive characterization of a high
Reynolds number decelerating boundary layer using advanced optical metrology, Journal of Turbulence, Vol 18, No 10.

[3]  Cuvier, C., Foucaut, J.-M., Braud, C. and Stanislas, M. (2014). Characterisation of a high Reynolds number boundary
layer subject to pressure gradient and separation. Journal of Turbulence, Vol. 15, No. 8, 473–515.

[4] M. Marquillie, U. Ehrenstein and J.-P. Laval, 2011, Instability of streaks in wall turbulence with adverse pressure gradient,
J. Fluid Mech. 681 205-240

[5] J.-P. Laval, C. Braud, G. Fournier and M. Stanislas, 2010,  Control of separation in a convergent/divergent channel by
means of pulsed-jets , Journal of Turbulence 11 (52) 1-33

[6] Direct Numerical Simulation on a wing profile using FAST: https://www.youtube.com/watch?v=9MnUiQVs3kQ

http://imp-turbulence.ec-lille.fr/Webpage/Laval/Publications/laval10b.pdf
http://imp-turbulence.ec-lille.fr/Webpage/Laval/Publications/laval10b.pdf
http://imp-turbulence.ec-lille.fr/Webpage/Laval/Publications/marquillie11.pdf
http://dx.doi.org/10.1080/14685248.2017.1342827
http://dx.doi.org/10.1080/14685248.2017.1342827
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.98.033101
mailto:jean-philippe.laval@univ-lille.fr

