Lecon 1 : Qu'est que la turbulence ?

% le nombre de Reynolds

% exemples d'injections d'énergie
% experiences

% caractérisation de la turbulence

% vision naive du nombre de Reynolds
(— couche limite)
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Fig. 41-6. Flow past a cylinder for various Reynolds numbers.

a circulation there even at the smallest Reynolds number or whether things sud
denly change at a certain Reynolds number. It used to be thought that the cir
culation grew continuously. But it is now thought that it appears suddenly, anc
it is certain that the circulation increases with ®. In any case, there is a differen
character to the flow for ® in the region from about 10 to 30. There is a pair o
vortices behind the cylinder.

The flow changes again by the time-we get to a number of 40 or so. There i
suddenly a complete change in the character of the motion. What happens is tha
one of the vortices behind the cylinder gets so long that it breaks off and travel
downstream with the fluid. Then the fluid curls around behind the cvlinder anc




Figure 5.4 - Allée de von Kérman en aval d’un cyiindre circulaire, Re = 140, {d"apres
Tapeda, 1982). R,

“igure 5.5 - Allee de von Karman en avai d'un cvlindre circulaire, Re = 10 000, (d"apres
sorke et Nagib, 1982), T
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1.1 Turbulence and symmetries 9

Fig. 1.10. Wake behind two identical cylinders at R = 1800. Courtesy R. Du-
mas.

Fig. 1.11. Homogeneous turbulence behind a grid. Photograph T. Corke and
H. Nagib.

1
'U.chnk)\\Turlw\xnce, y Tha \Qﬁauj o\ kolm.xaorou*,
Cambridge Unversity Lrecs, 199 )




219vo0 fi {862 nsensniefibeM Isiines art 1evo dgsigotorlq 2idf Moot 1epnallerd adt ,A8RF 1adofcl nl

n8900 odf lo swixet orit of belslen zi ipilpnuz edt lo zzantdpind odT .shiz 5 no ml OIS ses ns

zgoshue rloome .nue ed! yvd befsnimulli yipnovz dgsipolorly ort Yo noitiog Isinss arl? nl .aoshue

ot 191i502 2ovaw eoshuea horle yd benarpuo 2noips slidw Jriphd 189qgs brs 1omim & 25 irlgil toeltan
.eaibbs Istiqe ofnl qu gew zbnsd tripiid ,2238lq Is1gvee nl .1s1sb 189qqs bre Hipinue

{ AZAW - yzatwod)

W e




la furbo lence  peut-2lre cacactercée pPan =

o hidrarchie ds shruchures  (fourbilong)
dang |'<zsslument

de L — pdfcs << L
7
échelle )e\ch\b. disipahve
dlinfedion d’e'neraic a \c.olde_\\e\,u \;omeg
tnerhelles o NS
d e’q uw\bfent

o  Mmavvemente Yeos de"cor%am‘ge’s condumigont o
wn mf,\cmcae. Yres {m\oos\\-anl— olu_\\mldL

o curae.k}{ﬁ\'\'olue d\instalor il ; peur dea condihong
tnfiales donnees 5 Un Lout lole bruu b Pau.{'—-fé\'rc
om\p\i}{( a An Do i %ni,}{cah"s jndipendant de

Ca valeur inibale —



) wsien nalve du Qufvw\d% -
comndiron: une varre da \Gl‘gwr Im
loncer o une nivtge U=30m/g

| 'y
Sl e 2220 Lot
015 1074

=> |'e|jet du la. ~Ws Fance du Vbt eak n@%\\“;eal;’e,

or + bt wielkevent du troface | meeuwnant
Uelleh des Jorees o Yrickon 5 Cf
i)
|
( D:Praes cx FFeHanSfohn(itfahlbﬂ‘; A-\a
Cechon dun Mhicule dant (& tene dulamancle

o "ok deguenx est nepligeable dang la ps
gyrands pentie de V'écoulement ; mads 1 exicls
une mine Wothe (tovche \imite) pret dles

parevs cu Vehiwle 65 » e peut-ehre na"g\(gee’



Lecon 2 : Concepts de base

% les équations du mouvement

% la pression

% symeétries des equations Navier-Stokes
% lois de conservation

* ecoulements d'Euler
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Lecon 3 : Description statistique de la
turbulence
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% turbulence homogene, isotrope, invariante de parité
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% hypothese de Taylor
% croissance de I'enstrophie en turbulence homogene

% diffusion de Taylor
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Fig. 3.1. One second of a signal recorded by a hot-wire (sampled at 5kHz) in
the 31 wind tunnel of ONERA (a); same signal, about four seconds later (b).
Cour'esy Y. Gagne and E. Hopfinger.
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Lecon 4 : Description spectrale de la
turbulence

% le tenseur spectral en turbulence homogene

%* la forme du tenseur spectral en turbulence isotrope
%* les fonctions spectrales de 1'énergie et de 1'hélicité
% le spectre de vorticite

%* la forme du tenseur spectral preés de k=0
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Lecon 5 : Description phénomeénologique de la
turbulence

* introduction

* la “cascade de Richardson” et la localité des
interactions

% quelques outils phénomeénologiques
%* le spectre d'énergie

% le spectre d'enstrophie
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Lecon 8 : Turbulence et vorticite

% création de la vorticité

% théoreme de Kelvin

% conservation de la vorticité potentielle d'Ertel
% moment dipolaire d'une tache de vorticité

%* simulations numériques directes et expériences

%* formation de tubes et de nappes de vorticité
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L of a
Simulabions nuMerques direckes e expérienes

Spabiael structwre and stalistics of homogencous birbulence ; £

X

Frcure 13. View of the vorticity field, represented by a vector of length proportional to the
rorticity amplitude at each grid point. Only vectors larger than a given threshold value are shown.
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Spatial structure and statistics of homogeneous turbulence

Freure 16. Detail of the vorticity field, showing a sub-cube of size one sixth of the c'omp-lete
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decaying fequm e

Vortex tube formation in homogeneous turbulence 19

t=68

Ficure 13. Overviews of vortex layer formed at a later time showing vorticity concentration and
roll-up of the vortex layer after an intense vortex tube has been formed.

field which advects the surrounding vortex layers, rolling them around the tube. Such

a roll-up of the sheet around a vortex core is reminiscent of the strained spiral vortices

considered by Lundgren (1982, 1993). Pictures at later times show the persistence of

these dynamics. Here, vorticity concentration corresponds to an amplification by 2

factor 3 to 4, comparable to that obtained in the asymptotic model. Note that around
= 6.2, a second vortex tube has been formed.

Passor 2t al. T. Pt Neck -4l 199L



18 T. Passot, H. Politano, P.L. Sulem, J.R. Angilella and M. Meneguzzi

t=26

FiGURE 12. Overviews (right-hand side) and cross—sections (left-hand side) of a vortex layer formed
at early time. The formation of a vortex tube embedded in the vortex layer is visible.

nearby vortex layers which appear later in time. One of them is stable. For the second
one, vorticity concentration starts around ¢ = 3.4 but is rapidly inhibited and is no
longer visible at ¢ = 4. At this time, the third vortex layer displays a strong vorticity
- concentration. At ¢ = 5, a vortex tube has already been formed. It induces a velocity



FIG. 8. Visualizations in physical space of high vorticity regions for the Taylor-Green vortex at t=3, 3.25, 3.50, and 4. Note that the thickness of the
pancake decays in time.
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FIG. 2. Detail of two successive video images (taken 0.02 s
apart with an exposure time of 0.001 s) showing a side view of a
vorticity filament observed in a turbulent flow at a Reynolds
number of 80000. Its length is of the order of 5 cm while its di-
ameter (enlarged here by the video image) is of the order of 0.1
mm. (a) The filament at its forma:ion;@ its destabilization to
form kinks. = o RS,

occupied by bubbles.

The high-pressure regions (large o) are also visible as
they repel the bubbles, thus having a weaker bubble con-
centration. These regions are spread out and weakly con-
trasted. The difference in aspect between the low- and
high-pressure regions corresponds to the asymmetry in
the pressure histogram obtained in numerical simulation
[10]. This histogram has a very long exponential tail only
for low pressures corresponding to the vorticity concen-
tration in filaments. Finally, when the fluid is seeded
with more bubbles we apparently lower the observation
threshold; at a given Reynolds number a greater number
of smaller filaments become apparent. This result points
to the existence of a hierarchy of filaments with different

FIG. 3. Two photographs of the evolution of a vorticity fila-
ment seen from its extremity. (a) The filament 0.04 s after its
formation;@z 0.1 s later, when it has transformed into a large
eddy. E

strengths.

The main characteristic of the filaments is the asym-
metry of their evolution, illustrated by the sequence of
images shown in Figs. 2(a), 2(b) and 3(a), 3(b). Most of
the times, no noticeable structure preexists; structure
shows up abruptly in a time of the order of 5 th of a
second in the regions of the flow where there is both shear
(large ©?) and convergence (large o?) [17). The fila-
ments usually appear as rather straight lines. Then the
formation of helical distortions [18] is observed [visible in
Fig. 2(b)]. These distortions appear similar to the kinks
which affect the core of long-lived vortices obtained in a
rotating tank [19]. In the present experiment these kinks
lead to the disintegration of the filaments in a typical
time of 0.1 s. After the filaments’ disappearance, large,
longer-lived eddies remain where they have vanished [Fig.
3(b)] [20].

As there is no physical mechanism available for vortici-

985



is the reason for the value R chosen for the separation be- in the bulk of the fiow, they create
tween the stirrers: for larger values the mean shear structure
iads 10 be fixed, while for smaller values the turbulent vol-
ame would be too small.

a strong disturbance. In
this case, the pressure is polluted by the dynamical pressure
due to the flow going 2round the probe. This is the reason for
which we had to limit ourselves 1o measurements of the pres-
sure at the wall. The pressure fluctuations are measureg by

5 wic 108

C. The measurements of pressure the transducers, at half the rotal height of the cell in the most

The technology for fast response pressure measurements turbulent shear region. The probes are mounted through the
relies (a1 present) on piezoeleciric transducers. These probes wall, so that their surfaces are tangential 1o the inner surface
unfcr:a:::alcl_v have a rather large volume so thai, introduced of the wall, and do not induce any perturdation.in the fiow.

FIG. 2. Four succzssive pictures showing the breakdown of a large filament seen from the side. The pictures are videotaped with a shutter speed of 1/2000
5. Tke times at which the suceessive images are taken is given at the top (the last digit is hundreds of seconds). Just after its formation the larpe filament is
Tather stight (a), then it buzsis [(b) and ()], giving rise to several twisted secondary filaments, beforc decaying into a Jarge cddy (). Also note the eXisience
L Bl U gnio

o1 smalier filaments scattered in all the flow. The scale is given by the diameter ®=3 mm of the wire connecting the pressure probe visible on the right of the
pictures.

Phys. Fluids, Vol. 7, No. 3, March 1995 Cadot, Douady, and Couder 633
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