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Buoyancy dominated flows Inhomogeneous medium in a gravity field

Accelerated Inhomogeneous flows Inhomogeneous medium in an external
acceleration field

11 High Froude number flows Mixing inhomogeneous streams
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Tilted tank experiments : « A method of
producing a shear flow in a stratified fluid »
S.A. Thorpe JFM32 1968

Ficure 2. The apparatus.
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Two-dimensionnal Stratified Mixing Layer (vertical shear)

Klaassen and Peltier JFM227 (1991) Staquet JFM296 (1995)
Re=300 Ap 5&.: 1 Re=2000 - Ri = 0.167

Froure 2. Stream function (dashed contours) and potential temperature field (solid contours) for
stratified Kelvin—Helmholtz billows at various Richardson numbers Ri and Re = 300, Pr = 1. The
waves are shown at the times of maximum kinetic energy, which are { = 26 (R{ = 0), 30 (Ri = 0.04),
34 (Ri = 0.08),42 (R{ = 0.12) and 52 (Ri = 0.16). Contour intervals are the same for each wave. The
horizontal period is 14k and the domain height is 10A.
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Three-dimensionnal homogeneous Mixing Layer

Bernal and Roshko JFM170 (1986)

Fioure 15. Topology of streamwise vortex lines, ; 3
Froure 12. Laser-induced fluorescence (y,z) cross-section through the braid.

U, =29 em/s, U, = 10 em/s. The entire channel span (11 em) is shown.

Rogers and Moser JFM243 (1992)

Ficure 13. Laser-induced fluorescence (y,z) cross-section through the core.
U, =20 em/s, U, = 8 em/s. The entire channel span (11 em) is shown.

Q)



ShHEghedisuaEiec nECItmNRRERE eVIB/AITE NGPEN)

Three-dimensionnal stratified Mixing Layer

Schowalter, Van Atta and Lasheras JFM281 (1994) Klaassen and Peltier JFM227 (1991)
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Freurg 22, The effect of bulk Richardson number Bi on the most unstable w, (¢), 2, (A), and w,
(V) modes of the maximum amplitude KH wave state. For Floquet parameter b = 0.
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Mixing of a pocket of light fluid in a shaker

a = A,sin(wt)

Lty /2
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Brown and Roshko, « On density effects and large structure in turbulent mixing layers »,

JFM 64, 1974
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Two-dimensionnal secondary baroclinic instability : Reinaud, Joly and Chassaing,
PoF vol 12(10), pp 2489-2505, 2000
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Self-excited oscillations and mixing in a hot jet : Monkewitz and Bechert,
PoF Gallery of fluid motion, 1988

T | I I | I | I T I

$=0.47 [T,=350°C]

10dB / Div.

Figure 3. Pressure spectra (B&K } in. microphone located at x/D=0.2,
r/D = 1) for the hot jet of Fig. 2 and a cold jet of equal dynamic head

q =135 Pa.




-
|
VXTI ENIRICIMCEENECUSISIHECITISERS] i :fﬂﬂfﬂ

Side ejections in a round laminar helium-jet S=0,14 : Hermouche, 1996 IMFT PhD supervised by P. Chassaing

Re = 1000 Re = 2600
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. Introduction - lllustrative examples from experiments and simulations

rloflazlrairgaie flows explolt elavizitiens freee) s
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. The baroclinic torque in high Froude number flows, its nature, order of
magnitude and organization
. Stability of the inhomogeneous mixing-layer

...Break...

4. Transition of the inhomogeneous mixing-layer and the 2D secondary
baroclinic instability

5. The strain field of 2D light jets

6. Transition to three-dimensionality in light jets and the question of side-
jets

7. Baroclinic instability of heavy vortices and some elements on vortex
interaction in inhomogeneous 2D turbulence
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Focus : Incompressible mixing at infinite Froude numbers

dto = alAp = —d o=Ilnp, d=V-u

dpu = —V7r1 —7Vp+rvAu T=np/p
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Inviscid incompressible inhomogeneous flows

dep =
dtu=—¢'i. —u —EVP =L ) = z OlgCp)
z r p g _PO P~ Phydro _gPU 9Lp
11 |
1
Ba: —-VpxVp=axVp
p
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p~po, dp~Ap

Asetofscales| u~u, x,Y,z~ T4

u? u” uQAp W
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1

s=pa/p1 -
P2 — P1
Cp - 0.6
p2 + p1 Co
Cp=(s=1)/(1+35) 04
0.2}
Condition :  2pm —Ap >0
0
1 1
dio = ANp = ——d
0 ReSc e Co

1
diu = -V — C(nVo+ —Au

Re

10°
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diw = (w-V)u —dw —VrxVp +rAw

u2
2 C
Ba V7 x Vo~ O 2
By
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diw = (w-V)u —dw —VrxVp +rAw




A orecietion of same flow sensitiviey to cdarsity e rlzitlons

Ba AA
—~ C,— - =
Vs Py L
* Fully developped 3D turbulence Vs )\p Re,\

High Reynolds number turbulence insensitive to density variations

* Two-dimensional flows : no vortex stretching w | Vu

No vortex stretching, baroclinic torque only source/sink of vorticity

* Transition flows % ~ O(l)

The baroclinic torque may bias the transition




f'r
Soeltlzl structira of tne Varlzole density tarmgaral mrldricf fzyer = ENSICA

Kelvin-Helmholtz instability s=3, Re = Ud/v = 1500

Vorticity Baroclinic torque
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Mixing layer s = 1 or 3, Re = 3000, t=12

10 - I
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Temporal mixing layer s=3, Re = Ud/v = 500,1500,3000
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4.

Introduction

The baroclinic torque
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Siejnlilezigiely elzign el oY cifitisior), Selflzlrlesel oY [Seaveariell sireier)itle)

Stability of the inhomogeneous shear-flows

...Break...

Transition of the inhomogeneous mixing-layer and the 2D secondary baroclinic
instability
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The real flow : the
spatially developing
mixing-layer

The temporally
developing mixing-
layer

The temporal approximation :

* The frame of reference is moving with the convection velocity of the large structures
* The flow is considered parallel

* The choosen subharmonic of the primary mode is periodized in the streamwise direction
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Due to the temporal approximation, the difference between
cogradient and countergradient situations is lost

L 0,

X Yo
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* Decomposition of flow variables
u(x,?) = Uy)es +u(x, t)
p(x,t) = R(y) + plx, 1)
* Linearization of the Euler equations : perturbation equations

Dtﬁ—l—‘l’:’R, = (
RDii+ RU'bey = —Vp
V-a=0

The Rayleigh equation for the crosswise perturbation velocity

| RDV? — (RU'Y8, + R'Dydy| 6 =0

Perturbations are given the 2D wavelike form .
8¢ Streamwise wavenumber

AoA ) i(ax—act)

u, p,pl(x,1) = [u, p, pl(y)e
— [ﬁ:ﬁ:ﬁ}(y)e

O = Q¢ Growth rate

aciteia(:c—crt)

Cr Phase velocity
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* Decomposition of the vorticity field
w(x,t) = =U'(y)e; +@(x,1)
w = (é: ﬁ: CA)
* Linearized equation for the normal vorticity perturbation (2D)

D, =U"9—U'd “—R!a 5
tC— W ﬁﬂﬂp

eV IRESHZEA N GROCHIRIC CONGUENSESPBIHSIIENOR tHENATEEHCESNOELVECTINHE
StallIyAGIRtHENGIH G E=0 ErSIBAGIE HENIBINIOE ENEGCUS SIIEaIAI OWS:
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Effect of the density contrast - same thickness zero offset

1

0.8r

o2t STABLE

1.2 1.4 1.6

comments
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Influence of the thickness ratio £ = fu/fp

(c)

0.17

10° & 10 10°

comments
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Influence of the crosswise offset

comments
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Combined effects of the thickness ratio and the crosswise offset

log. ,(€)

-0.5

comments
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From the impulse response of a system to a perturbation located somewhere

Oscillator behavior, intrinseque
behavior with a well defined response

Amplificator behavior, broad band
sensitivity to external perturbations

ABSOLUTE INSTABILITY CONVECTIVE INSTABILITY

.............
- -
ooooooooooooo

--------------
--------------
---------------
..............
----------------
---------------
-----------------
.................
ooooooooooooooooo
.................
------------------
..................
--------------------

Fig. 3 Sketch of a typical impulse response: 2) absolﬁte!y unstable
flow: b) convectively unstable flow (shaded areas are regions with
O'i<0).

Wake of a bluff body, homogeneous jet with a Boundary layer flow, homogeneous jet

negative coflow, light jet
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Trie lingzrizac garoclinie taorejtie s rEsgansiols for irje differdricas ggiyaar) if)e
Stz Oflfey Of trla Vel ola=clansity crlel trig flogrldejagalis sraar fleyys,

D:C =U"o—U'd ’“—R!a 5
tC— ;W ﬁ:rp
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1
0 z b 3 8 0 Fig. 4 Absolute instability boundaries for the m=0 mode (o) and
Fraquency (kkz) the m=1 mode (), with N=o00 and R =1. The hatched areas are the
absolutely unstable regions. The parameter along the curves is the

branch point Strouhal number.

Fig. 2. Two typical power spectral densities in the near field of cold
air jets illustrating two different behaviours; the helical mode
marked f, in the upper figure is absent in the lower figure, where a
harmenic appears: x/D in both cases is approximately 2
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0 ? L. ; 6 ' Fig. 4. The remon of absolute instability in the Mach number
Frequency (kiz) (M)-density ratio (S) plane, compared with the Monkewitz-Sohn
. P : : : theory for a cylindrical vortex sheet: the uncertainty in experimen-
Fig. 3. _Power spec_tral density in hcilt]n} jet, sh;:wmgll_argp peaks at tally marking the boundary is shown: the region of conditional
Ir;I. and its ;I“a.rn;lonlﬂ and subharmonic; note the qualitative resem- instability is shown at the botcom of the diagram
ance to Fig. 1a
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Critical density ratio for 2D and round light jets
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FIG. 2. Stability properties of the two-vortex-sheet model as a function of
density ratio S =p_./p, and velocity ratio A = (u, —u_)/(u.+u_).
Horizontal hatching: absolute instability of the sinuous mode; vertical
hatching: absolute instability of the varicose mode.
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. Introduction
. The baroclinic torque

. Stability of the inhomogeneous shear flows
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...Break...
5. Transition of the inhomogeneous mixing-layer and

the 2D secondary baroclinic instability
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. Introduction

. The baroclinic torque

. Stability of the inhomogeneous mixing-layer
... Break ...
. The 2D mixing-layer in the nonlinear regime and the secondary baroclinic instability
. The strain field of 2D light jets
. Transition to three-dimensionality in light jets and the question of side-jets

. Baroclinic instability of heavy vortices and some elements on vortex interaction in
inhomogeneous 2D turbulence
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Kelvin-Helmholtz instability s=3, Re = Ud/v = 1500

Vorticity

t

12 T g

Baroclinic torque
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fal
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Figure 3.5: Description de la couche de mélange 3 densité variable 3 s = 3, Re = 1500 & l'instant £ = 12.
(a) contours iso-vorticité (incrément U/4%), (b) contours iso-densité (incrément A, /6), (c) barocline couple
(incrément 0.5822), (d) lignes de courant. Les contours négatifs sont en pointillés; dans les figures (b) et (d),
la région grisée correspond a des niveaux de vorticité au-dela de 20//5 ; les axes sont gradués tous les 6C.

Figure 3.2: Verticity wy contours of the twe-dimensional variable density mixing-layer at Re = 3000 Left
column ; passive-scalar case, right column © variable-density situation with dersity ratio of 5, = 3. The time
normalized by =, is (a) t =8, (b) ¢ =10, (c) ¢+ = 12. Contour increment is 1/2r for the passive-scalar case and
twice that value for the variable-dersity case. The negative contours are drawn with dashed lires; tic marks
along = and z coordinates are every 53.
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Normalized vorticity along the central material line

10

Figure 3.3: Normalized vorticity w x 7 along the central material line (where p = (pupper + Plower)/2) of the
variable density mixing layer with Re = 1500 and density ratio S, = 3. The solid curves are the initial vorticity
level and the one at t=10. Dashed lines are every At = 2 and the dot-dashed line marks the zero threshold.
The abscissa is given along the normalized curvilinear coordinate 3/63,. associated to the material line, s, being
the origin at the saddle point.
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The stretched vorticity filament, Dritschel et al. JFM 230 (1991)

The strain rate has a twofold stabilizing effect :
2. Compresses disturbances in the transverse direction
¥
A 3. Cause the disturbance wavelength to increase with time

‘/ \ Transient growth before inevitable decay depending on the
ratio of strain rate to vorticity

A criterion based on /W

* more than 0.25 supresses amplification

* Around 0.065 allows for transient growth rate of three,

(passive behaviour of vorticity filaments in 2D turbulence)

Dynamics of unstable stratified mixing layers, Corcos et Sherman JFM 73 (1976),

] Y ]

Staquet JFM 296 (1995)

Fieure 6. Co-ordinates for braid analysis.
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The stretched density-gradient and vorticity filament,
Reinaud, Joly et Chassaing PoF (2002)

u = (yr,—vy) g =(0,9y)

filament de vorticite et champ d’etirement

de gradient de densite

dtgy =79y —  gylz,t) = goexp(t)

dpw = dtu@ = '\/2;1:@ exp(yt) — w(zx,t)= 73:@ sinh(vt) + w
PO PO PO
Lu‘(.’l?, t) 0 W

g .
= ——x sinh(vyt) + —
& PO () v




Twodlsnensionzl) Beroclile Instziollity of & strateride orticjty spiaat

The stretched density-gradient and vorticity filament, w(z,1) _ 9 z sinh(vt) + Wo
Reinaud, Joly et Chassaing PoF (2002) ¥ 00 ¥
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* A specific transition mécanism of the inhomogeneous shear flow;
* Twodimensional secondary mode;

* The vorticity pattern is repeated in second generation structures, and so on untill
viscity prevents baroclinic vorticity generation.
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Forced spatially developing mixing-layer (simulations with a variable density vortex method)

0.5

(a) contergradient

0.5 L I |




(ERNOUNSEEIERVASECOREBIRACGENERRLBNSHUCEUES Y,

- ENSICA

contergradient

(1)

homogeneous Brown & Roshko (1974)

cogradient
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1. The 2D mixing-layer in the nonlinear regime and the secondary baroclinic instability

Trie rlog-liflezlr siecje ricls jf) 2 reltfar asyeaieiric vorticity clisieiotiijer) cftig i
sltarriziia gosftive arlcl rlgejziiive gzicocliflic carifloLitions;

Frofr tre orticiiy fialcl trle sirticitira |5 ot z) Sizigclzirel i <rl Seroair (gj2riila) roller;

A saacoriclziry ozcoclinic Insizoflicy cdavalgaas o tre it sicla aof tra <l oillavy;

Naot ggsaryee S0 fzif et RaVvriolels ritignoers Lo to F000 rlor ir 2xoaritleritz)/
rezllizetions ofF rlicifl Ravaolds fticroar flows;

Provicas z) ZB) oY 0z:ss roljia to tlrgtilariaa tigiclar rliclr) fRavrialels fticroer
aorlelitfons

. The strain field of 2D light jets
. Transition to three-dimensionality in light jets and the question of side-jets

. Baroclinic instability of heavy vortices and some elements on vortex interaction in
inhomogeneous 2D turbulence
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The strain rate and the shear rate are measured along some relevant line

_ Out _ du
“an ' T o

A

contour line

A=n-Vu-t |, y=t-Vu-t

o 3 10 15
t

Figure 3.7: Left : the evolution of the strain rate s normal to the density gradient at the saddle point between
the main 2D structures. Right : evolution of the overall maximum of the strain rate ymax. Solid line : variable
density mixing-layer at S, = 3; dashed line : passive scalar mixing-layer.
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Homogeneous Inhomogeneous, s = 3

(b)

Gray shading where shear rate above 1/T = U/dW
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The model of the braid region according to Caulfield and Kerswell (PoF vol 12, 2000)

W
Model flow with strain rate 7Y and rotation rate r — —

e=1, y=0, A=1 e=1, v=0.6, A=0.8

1 .
7 N 7
0.5 0.5¢
 / y
= - 0 tours of streamlines for a flow with €
=1, v=0.6, and hence A=0.8. Note
A the principal directions are no longer
] perpendicular.
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FIG. 1. (a) Contours of streamlines for
a pure strain flow. Note the principal
directions are perpendicular. (b) Con-

-0.5

u= (7 - (I) =A-x | > |r|, Areal  Hyperbolic region

AZ=~2 p2 = detA | < |r|, A imaginary Elliptic region
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The model of the braid region according to Caulfield and Kerswell (PoF vol 12, 2000)

FIG. 3. Contours of (a) rotation rate
v; (b) stream function ¢; (c) strain
rate €; and (d) A in a mixing layer
flow, when the primary KH billow has
attained maximal amplitude. Shading
denotes regions where y*> €.
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We switch from the spatially developping jet to the temporally developping jet
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Temporal jet s=1/3, Re = UD/v = 2500
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Kyle et Sreenivasan JFM 249 (1993)
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Temporal jet s=1/3, Re = UD/v = 2500

Red : positive y (stretching) - Blue : negative Y (compression) - Shaded : above same positive level

Passive scalar t=12 Light jet
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Temporal jet s=1/3, Re = UD/v = 2500
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Temporal jet s=1/3, Re = UD/v = 2500

Passive scalar t=12 Light jet
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Before the pairing - t = 4.5 During the pairing -t = 12.0T
W )
/-YC]{: 2 /-YCk 2
Homogengous Jet
Ellipti 0.52 1.33 <O 0.57 1.37 <O
C
Hyperbolic 1.22 0.96 0.75 0.27 0.11 0.25
Lightjet

Ellipti 0.71 1.53 <O 0.34 3.83 <O

C
Hyperbolic 1.00 to 2.47 1.04 0.51to 0.73 0.49 0.45 0.18
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1. The 2D mixing-layer in the nonlinear regime and the secondary baroclinic instability

2. The strain field of 2D light jets

Trie siczie fields of ligrt jets arasani 2] folcec) [z arac] Siptjeitifs,

WMtier) riicjries sirelif rzltes ey oe oroclticgel gl irie gzicaaligliczlly trioclifieel roll-tio,

rlicjrl Stralif) fzltas zire to) g2 exoaciac « [fsjca o tne licrt jei ziglcl closa o fzl/arac] |2

of trie vortiajty orz)icl,

*  Transition to three-dimensionality in light jets and the question of side-jets

. Baroclinic instability of heavy vortices and some elements on vortex interaction in
inhomogeneous 2D turbulence
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Fisrt observation by Monkewitz & Bechert (Album of Fluid Motion - 1988)

1. Side jets occur when the jet is absolutely unstable,

2. The jet is absolutely unstable under a critical density ratio s<0.7,

3. Side jets aknowledged within some range of Reynolds number,

4. Side Jets induced by counter-rotative streamwise vortices lying in
the braid region between successive vortex rings (Brancher et al.
Phys Fluids 1994)

5. A shorter route to the mixing transition and a large increase of the
mixing rate,

6. Side Jets recovered in a pulsed homogeneous jet by Monkewitz
and Pfizenmaier (1991) leading these authors to conclude that the
strength and synchronization of the primary mode in the
absolutely unstable light jets is the sufficient conditions for
spontaneous lateral ejections of fluids.

7. Additionnal facts from Hermouche experiments :

i Intemmittent ejection,
ii. Unsteady number and azymuthal positon,
iii. Quasi-steady streamwise position,
iv. Life time of several PM periods
9. Remaining questions

Side ejections on Re = 1000 helium jets
from Hermouche, Imft (1996)
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Paradigm of secondary 3D mode yielding counter-rotative vortices lying between adjacent distorted rings

Side jets induced by pairs of counter-rotative streamwise aligned vortices

Vortex ring

Side-jet

/

Streamwise vortices

FIG. 6. Vortical structures involved in the side-jet generation process.
Only a single streamwise pair is represented (hatched structures) while
two consecutive vortex rings are sketched (white structures). The radial
ejection of fluid is symbolized by the two black arrows emerging from the

streamwise pair.
LambdaZ2 probe of coherent structures in a DNS of a
Brancher, Chomaz & Huerre (1994) homogeneous 3D temporal jet with a 3-lobe
corrugation of the initial vorticity tube.
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Two-dimensionnal Heated jets from Yu and Monkewitz JFM 255 (1993)

FIGURE 21. Cross-sectional views of the hot jet with § = 0.76 and ¢, = 1.25 mmH,0, at

E 20. Cross-sectional views of the cold jet with q;=125mmH,0, at x =1,2,3,4,5,6,7 x=1,2,3,4,5,6,7 (from top to bottom).

(from top to bottom).

Cold (homogeneous) jet Hot (light) jet
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A first guess : the strain rate in the 2D light jet and predicted growth rates

Before the pairing - t = 4.5T During the pairing - t = 12.0T
Homogenkous let
Ellipti T~ Yok 0.52 g ~ 0.57
C
Hyperbolic Oty X 2V 2.44  Ogs~ 2\ 1.5 Ot < 0.54 Tgqs ~ 0.5
Lightjet
Ellipti g ~ 071 g ~ 0.34
C
Hyperbolic Oty X 2.to5. Oqs ~ 1.to 1.46 Ot < 0.98 Tgqs ~ 0.36
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Scheme of the vorticity generation on the model flow of unstrained counter-rotating vortices
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N * Shift of the vortex centers toward the
- ;j?}j:\\:\ \1 light side

p [

::'H\iv;j{rf‘f' « Asymmetric entrainment
'\\_/ ! -

\f::f * A trend expected to be enhanced by the

underlynig stretching in full configuration
X X X

vorticité vorticité couple barocline
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Corrugated temporal jet, Re = 1900 et Re, = 170

* primary mode perturbation resulting from 2D stability
* no result in 3D stability : ke ?
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Streamwise vorticity in the braid plane

Radial velocity in the braid plane

A

Homogeneous (or ps) Light jet 1/3
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Growth of the energy (enstrophy) of three-dimensionnal motion

. Influence of density ratio Reynolds number and R/6 on the characteristics of the azimuthal mode;

* Higher Ree simulations to get the full baroclniic effect on 2D primary mode




Transition of trie durgclane 2l |

Influence of the Reynolds number

Re = 1000 Re = 2600
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Conjecture on the transition sensitivity to the exit Reynolds number
* Viscous regime : no spontaneous side jets;

* Side jets regime;

* Secondary 2D instability regime.

Structure of the laminar helium jet

* PIV vorticity mapping (Hermouche's test bank and Jérobme Fontane PhD);
* Primary structure of the light jet;

* 3D perturbation on the azimuthal wave number given by the 3D stability analysis:
* Impact on the mixing efficiency.

The end ...
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Floquet analysis of the axisymmetric jet
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Vortex de Stuart, r=0,5 Rouleau KH homogene, Re=1500 Rouleau KH s=3, Re=1500

Pierrehumbert et Widnall JFM 114 (1982) : A\, = 0,6 A, - Klaassen et Peltier JFM 227 (1991)

: q=(p,v.p) a(x, 1) = e"*q(x,y,1)
RDti}_'_RM{}_I_ﬁMU — _Vﬁ t 1( ; )q(.sc,y,t)— 2( y )Q(:C,y,t)
RDy = —0.p a(z,y,t) = e”'e’q(z, y)

V‘ \Af + az'l}.\} - 0 aﬁl(RnUak) 6](37,3,1) - EZ(RpU;k) E](S.C’,y)

Recherche déductive des modes propres transverses de la cdm et azimuthaux du jet |éger
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The 2D mixing-layer in the nonlinear regime and the secondary baroclinic instability
The strain field of 2D light jets

Transition to three-dimensionality in light jets and the question of side-jets

Sooritzrlgolls sicle [gis ) sosaltica)y tgsizigle [lejrt j&is,

I tigiclgrstagacl izl fialo rlsicle),

Exoarirrariel, Floejiat zinzlysis agc DNS 2loorozicr) to ¢jai falayet cfz)iz)

Baroclinic instability of heavy vortices and some elements on vortex interaction in
inhomogeneous 2D turbulence
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vorticity contonr
density contonr

Figure 4.5: Analogy between the heavy wortex and the equivalent unrolled density stratification submitted to a
downward gravity field (p; > p2).
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« Vorticity of the gaussian vortex : w(r, ) = % exp(—'rz / 52)
T

> T
 Orthoradial velocity and centripetal acceleration : ug = [1— eXP(__z)]_

02 2w r

ap = —uj/r
* Density field on an elleptic patch :
'rg(ﬁ) — r?[1+ (e7* — 1)sin? 4]
. . r,(6)
«  Density gradient vector : p(r,8) = pe + (pi — pe) exp(— 5 )
g, =—(1— pe)_T[l + (€72 — 1) sin? 4]

* Baroclinic torque : g = V(ln p) _ P

2
TZF

b=a,gs= [1—EXP(—5—Z)] 12,25 (1—e™?)
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Figure 4.13: Initial vorticity field with solid peositive contours and dashed regative ones, increment between
contour is max(w)/2x and the zero contour is omitted (left); the corresponding energy spectrum (right).

t=0

.

1 2 3
p

Figure 4.14: Initial density field with solid contours above mean and dashed contours beneath, increment
between contour is Ap /10 (left); the corresponding probability density function (right).
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Passive scalar 2D turbulence Inhomogeneous 2D turbulence
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The 2D mixing-layer in the nonlinear regime and the secondary baroclinic instability
The strain field of 2D light jets
Transition to three-dimensionality in light jets and the question of side-jets

Baroclinic instability of heavy vortices and some elements on vortex interaction in
inhomogeneous 2D turbulence

Licjpie variess stz0le, flaziiy Voriesd Lsieols,

Mz155 sacjracjzitiaon oY Yartieity ir) 2B iriflofriodgeaatls tliratilaes,

Eqsirodrny (flerce dissiozitian) cardrzltiar].

Thank you ...




