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Turbulent transition at the entrance of a plane channel

The objetive is the study of by-pass turbu-lent transition ourring in a plane hannel �ow,downstream the entry zone, and more partiularlythe e�et of inlet turbulene and wall rough-ness. Although the present investigation is ur-rently limited to inompressible �ows, one obje-tive is to better understand appearane of avita-tion in fuel injetor devies (projet NadiaBioMov'eo 2008-2011).

Motivation Transition in boundary layers exposed to free-stream turbulent intensity of order ≥ 1% or more an our without the mediation of visous Tollmien-Shlihtinginstability waves (by-pass transition). Experiments or numerial simulations show the presene in the boundary layers of large, elongated spanwise modulations ofthe streamwise veloity alled streamwise streaks. These disturbanes grow in the streamwise diretion and are subjeted to an instability proess leading �nallyto turbulene breakdown. The physial proess explaining emergene of streaks is known as the lift-up e�et. It is understood as the result of interation betweenstreamwise vortiity and the boundary layer shear: streamwise vortiity pushes low momentum �uid away from the wall and high momentum �uid towards the walland the spanwise modulation obtained in this way is strethed downstream by the mean shear. Streaks an be found as solutions of the linearised stability equations(Orr-Sommerfeld-Squire equations). However, the e�et of visosity eventually dominates these linear solutions, making the growth of the streaks only transient.Strito sensu, streaks are thus stable perturbations (sub-ritial), but their amplitude an reah suh large values (30% of the mean �ow) than they esape the linearregime and beomes sensitive to seondary perturbations ([1℄,[2℄).

Bypass transition in boudary layers
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δ∗0 = .017h : boundary layer displaement at inlet
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Streamwise veloity perturbation at distane 2δ∗0 from the wall (top) and in a vertial plane (bottom).
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Bypass transition induced by freestream turbulence

NadiaSpetralUsing the orthogonal deomposition of the veloity�eld, an e�ient Galerkin spetral ode has beendeveloped [3℄ for the analysis of transition in wall-bounded shear �ows. In order to use Fourier ex-pansions in the streamwise diretion, the solution isfored towards periodiity using the fringe method[4℄. The approximation uses Fourier expansions intwo diretions and the Chebyshev basis proposedby Moser et al. [5℄ in the third diretion in or-der to satisfy the wall boundary onditions. UsingCrank-Niholson/Adams Bashford time integration,the numerial sheme requires the solution of two 1Dsparse linear systems for eah Fourier omponent ofthe veloity. The method has been implemented inC++ in the NadiaSpetral ode and parallelizedusing MPI and OpenMP.www.ufrmea.univ-lyon1.fr/∼bu�at/NadiaSpetral
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Numerical method

General result Let be y a unit vetor in R
3 (the 'vertial' diretion) and u a solenoidal �eld de�ned in a bounded domain

Ω ⊂ R
3, u an be deomposed into the sum of two solenoidal, L2(Ω)-orthogonal �elds : u = usq + uos

usq is 2D, solenoidal, has zero vertial veloity and is determined by the values of ω, the vertial vortiity of u,
uos is 3D, solenoidal, has zero vertial vortiity and is determined by the values of v, the vertial omponent of u and bythe values of the normal veloity , on the boundary ∂Ω.For doubly periodi �elds in the two diretions x and z normal to y : Fourier omponents an be expressed in funtion ofthe omponents of v and ω. If (.)αβ denotes the omponent of wavevetor (α, β) and k2 = α2 + β2 :
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For plane, parallel, shear �ows, this deomposition is related to the Orr-Sommerfeld and Squire modal deomposition ofthe linear stability theory [1℄. Using the orthogonal deomposition, the projetion of the Navier-Stokes equations linearizedaround the basis veloity �eld (Ub(y), 0, 0) reads :
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︸ ︷︷ ︸

interaction with Ub

= NL(uos,usq)
︸ ︷︷ ︸

non−linear interaction

The linear part of these two salar equations is equivalent to the lassial Orr-Sommerfeld-Squire system [1℄.

Orthogonal decomposition of solenoidal fields
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Streamwise veloity perturbation at distane 2δ∗0 from the wall (top) and in a vertial plane (bottom).
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Bypass transition induced by bimodal perturbations : (α, β) (primary) + (α′, β′) (secondary), α ≪ β In (x, z) plane :
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Non linear structure of periodic streaks

1Durbin P. & Wu X., Transition Beneath Vortial Disturbanes. Annu. Rev. Fluid Meh., 20072 Shmid P. J. & Henningson D. S., Stability and Transition in Shear Flows. Springer-Verlag, 20013Bu�at M., Le Penven L., & Cadiou A., An e�ient spetral method based on an orthogonal deomposition of the veloity for transition analysis in wall bounded �ow. Submitted to Computers & Fluids4Bertolotti F. P., Herbert T. & Spalart P. R., Linear and nonlinear stability of the Blasius boundary layer. J. Fluid Meh., 19925Moser R. D., Moin P. & Leonard A., A spetral numerial method for the Navier-Stokes equations with appliations to Taylor-Couette �ow. J. Comp. Phys., 1983

References


