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Turbulent transition at the entrance of a plane channel

The obje
tive is the study of by-pass turbu-lent transition o

urring in a plane 
hannel �ow,downstream the entry zone, and more parti
ularlythe e�e
t of inlet turbulen
e and wall rough-ness. Although the present investigation is 
ur-rently limited to in
ompressible �ows, one obje
-tive is to better understand appearan
e of 
avita-tion in fuel inje
tor devi
es (proje
t NadiaBioMov'eo 2008-2011).

Motivation Transition in boundary layers exposed to free-stream turbulent intensity of order ≥ 1% or more 
an o

ur without the mediation of vis
ous Tollmien-S
hli
htinginstability waves (by-pass transition). Experiments or numeri
al simulations show the presen
e in the boundary layers of large, elongated spanwise modulations ofthe streamwise velo
ity 
alled streamwise streaks. These disturban
es grow in the streamwise dire
tion and are subje
ted to an instability pro
ess leading �nallyto turbulen
e breakdown. The physi
al pro
ess explaining emergen
e of streaks is known as the lift-up e�e
t. It is understood as the result of intera
tion betweenstreamwise vorti
ity and the boundary layer shear: streamwise vorti
ity pushes low momentum �uid away from the wall and high momentum �uid towards the walland the spanwise modulation obtained in this way is stret
hed downstream by the mean shear. Streaks 
an be found as solutions of the linearised stability equations(Orr-Sommerfeld-Squire equations). However, the e�e
t of vis
osity eventually dominates these linear solutions, making the growth of the streaks only transient.Stri
to sensu, streaks are thus stable perturbations (sub-
riti
al), but their amplitude 
an rea
h su
h large values (30% of the mean �ow) than they es
ape the linearregime and be
omes sensitive to se
ondary perturbations ([1℄,[2℄).

By­pass transition in boudary layers
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δ∗0 = .017h : boundary layer displa
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Streamwise velo
ity perturbation at distan
e 2δ∗0 from the wall (top) and in a verti
al plane (bottom).
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By­pass transition induced by free­stream turbulence

NadiaSpe
tralUsing the orthogonal de
omposition of the velo
ity�eld, an e�
ient Galerkin spe
tral 
ode has beendeveloped [3℄ for the analysis of transition in wall-bounded shear �ows. In order to use Fourier ex-pansions in the streamwise dire
tion, the solution isfor
ed towards periodi
ity using the fringe method[4℄. The approximation uses Fourier expansions intwo dire
tions and the Chebyshev basis proposedby Moser et al. [5℄ in the third dire
tion in or-der to satisfy the wall boundary 
onditions. UsingCrank-Ni
holson/Adams Bashford time integration,the numeri
al s
heme requires the solution of two 1Dsparse linear systems for ea
h Fourier 
omponent ofthe velo
ity. The method has been implemented inC++ in the NadiaSpe
tral 
ode and parallelizedusing MPI and OpenMP.www.ufrme
a.univ-lyon1.fr/∼bu�at/NadiaSpe
tral
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Numerical method

General result Let be y a unit ve
tor in R
3 (the 'verti
al' dire
tion) and u a solenoidal �eld de�ned in a bounded domain

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

usq is 2D, solenoidal, has zero verti
al velo
ity and is determined by the values of ω, the verti
al vorti
ity of u,
uos is 3D, solenoidal, has zero verti
al vorti
ity and is determined by the values of v, the verti
al 
omponent of u and bythe values of the normal velo
ity , on the boundary ∂Ω.For doubly periodi
 �elds in the two dire
tions x and z normal to y : Fourier 
omponents 
an be expressed in fun
tion ofthe 
omponents of v and ω. If (.)αβ denotes the 
omponent of waveve
tor (α, β) and k2 = α2 + β2 :

u
αβ
sq =

(

−ı
β

k2
ωαβ, 0, ı

α

k2
ωαβ

)

; u
αβ
os =

(

ı
α

k2
∂yv

αβ, vαβ, ı
β

k2
∂yv

αβ
)

For plane, parallel, shear �ows, this de
omposition is related to the Orr-Sommerfeld and Squire modal de
omposition ofthe linear stability theory [1℄. Using the orthogonal de
omposition, the proje
tion of the Navier-Stokes equations linearizedaround the basis velo
ity �eld (Ub(y), 0, 0) reads :
(
L 0
0 L

)(

u
αβ
os

u
αβ
sq

)

︸ ︷︷ ︸

transport and viscous terms

+





ıα
k2∂y

(

vαβ U ′
b

)

ıβ
k2

(

vαβU ′
b

)





︸ ︷︷ ︸

interaction with Ub

= NL(uos,usq)
︸ ︷︷ ︸

non−linear interaction

The linear part of these two s
alar equations is equivalent to the 
lassi
al Orr-Sommerfeld-Squire system [1℄.

Orthogonal decomposition of solenoidal fields
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Streamwise velo
ity perturbation at distan
e 2δ∗0 from the wall (top) and in a verti
al 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
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