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Hydrostatics

Only normal forces
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Horizontal temperature
gradient causes wind
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Horizontal temperature
gradient causes wind










Atmospheric spectrum

Nastrom, Gage,
J. Atmosph. Sci. 1985
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Atmospheric flows are driven by the gradients of solar heating.

Vertical gradients cause thermal convection on the scale of the
troposphere depth (less than 10 km).

Horizontal gradients excite motions on a planetary (10000 km)
and smaller scales.

Weather is mostly determined by the flows at intermediate
scale (hundreds of kilometers).

Where these flows get their energy from?

The puzzle is that three-dimensional small-scale motions
cannot transfer energy to larger scales while large-scale planar
motions cannot transfer energy to smaller scales.



Three- dimensional turbulence: fragmentation and energy
transfer to smaller scales




Two- dimensional turbulence: vortex clustering and merging,
and energy transfer to smaller scales

s /]
? \\\
'.\\_ <

"

‘ ‘ :
.. »
:l"
’ M
A ’
| R
| l .
i atea
e .
! 4
'..
4 4 .
‘ 2 .
v ' A
)

o

A QI
R Mo ol O
LR AR IION




Direct cascade Inverse cascade
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Kolmogorov energy cascade
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Right scaling

Wrong sign
for inverse cascade
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J. Paret and P. Tabeling
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FIG. 1. The experimental set-up.
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We expect from turbulence
fragmentation, mixing and loss of coherence.

However,

an inverse turbulent cascade proceeds from small to
large scales and brings some self-organization and
eventually appearance of

acoherent system-size condensate.



M. G. Shats, H. Xia, H. Punzmann & G. Falkovich , Phys Rev Let 99, 164502 (2007);

Thin layer
Condensation in two-dimensional turbulence

Temporal development of turbulence in a thin layer
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FicUurg 1. Time-averaged velocity field of the condensate in the square box of L 22 0.10 m at

different thicknesses of the bottom fluid (Fluorinert FC-7

Ahy =4 mm, a = 0.15 s~ and (c) Ahy =

energy for cases (a-c).

): (a) Ahy =3 mm, a = 0.3 s, (b)

mm, o = 0.05 s7'. (d) Decay of the total kinetic



Mean subtraction recovers isotropic turbulence
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Kolmogorov law — linear S3 (r) dependence in the “turbulence range”;

Kolmogorov constant C=7



Universal profile of a coherent vortex
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vV = (“Uq;},, ‘U.r) = (U +wu,v) with U(r),v(r, ¢, t), u(r, o, t)
ov+av+(v-V)iv=Ff—-Vp
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To understand atmosphere
one needs to move
from thin to thick layers

%

L,

1

3 | | | f f
1 | | |
o | <dE/dt>/g,
05F ° -
2 r ° 5 )
0 l l ? 0 4

E(t)toe;,
o

0 1/8 1/4 3/8

v

"‘\-_q_l_

0
0

Antonio Celani.

0.5

I'Stefano

1

Musacchio.

1.5 2

+ %

2.3 . . .3
and Dario Vincenzi

2.5 3

PRL 104, 184506 (201

0)



Video 900 vortices ( 9 mm in diameter)

i square matrix of 30 x 30 permanent magnets (10 mm apart)
I Camera
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H. Xia', D. Byrne', G. Falkovich? and M. Shats' NATURE PHYSICS, April 1, 2011



Vertical shear suppresses
vertical vortices




Flow decay

Turbulence
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Moral

A strong large-scale flow effectively suppresses fluctuations in
the vertical velocity.

The resulting flow is planar even at small scales yet it is three-
dimensional as it depends strongly on the vertical coordinate.

Turbulence in such flows transfers energy towards large scales.
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Figure 1. Satellite image of hurricane Isabel, 12" September 2003 with the flight track of the
WP-3D Orion aircraft (N43RF) overlaid. Stepped decent measurements of the boundary layer
performed between outer rain bands.

Three- to two-dimensional turbulence transition in the hurricane boundary layer
D. Byrne and A. Zhang, 2014



A transition from 3d to 2d turbulence from in-situ aircraft measurements
in the hurricane boundary layer
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Third order structure function of horizontal velocities for different flight-leg
heights in hurricane A) Isabel and B) Fabian.

These results represent the first measurement of the 2D upscale energy flux in the
atmosphere and also the first to characterize the transition from 3D to 2D. It is
shown that the large-scale parent vortex may gain energy directly from small-
scales in tropical cyclones.



Summary

Inverse cascades seems to be scale invariant (and
at least partially conformal invariant).

Condensation into a system-size coherent mode
breaks symmetries of inverse cascades.

Condensates can enhance and suppress fluctuations in
different systems. Spectral condensates of universal forms
can coexist with turbulence.

Small-scale turbulence and large-scale vortex can conspire
to provide for an inverse energy cascade.



Fluid Mechanics

The multi-disciplinary field of fluid mechanics is one of the most actively

Flud
Mechanics

A Short Course for Physicists

developing fields of physics, mathematics and engineering. In this book,
the fundamental ideas of fluid mechanics are presented from a physics
perspective.

Using examples taken from everyday life, from hydraulic jumps in a
kitchen sink to Kelvin—Helmholtz instabilities in clouds, the book provides
readers with a better understanding of the world around them. It teaches
the art of fluid-mechanical estimates and shows how the ideas and methods
developed to study the mechanics of fluids are used to analyse other systems
with many degrees of freedom in statistical physics and field theory.

Aimed at undergraduate and graduate students, the book assumes no
prior knowledge of the subject and only a basic understanding of vector
calculus and analysis. It contains 32 exercises of varying difficulties, from
simple estimates to elaborate calculations, with detailed solutions to help

readers understand fluid mechanics.
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Weizmann Institute of Science, Israel

GRADUATE SCHOOL

provides housing and
stipends for all students
and charges no tuition
fees

Application online
for MSc between Nov 1 and I\/Iarch 31

for PhD all year round

https://www.weizmann.ac.il/feinberg




Undergraduate Program

The International Science Summer School accepts a
select number of outstanding undergraduate
students each summer to participate in research
projects in mathematics, physics, chemistry and the
life sciences

Online application: Nov 1, 2015 -.
Official results of the application:
March 15, 2016

Start of the program: June 2016
Duration of the program: 8 week




Kupcinet-Getz International Summer School

This is an enrichment program designed for undergraduate students
from all over the world who are majoring in the sciences, and it is an
opportunity to experience science by becoming part of a research group
at the Weizmann Institute. Participation in the Kupcinet-Getz
International Science School has had a significant impact on past
participants of the program, reinforcing the students’ interest in
conducting research in their future careers.

As a student in this program, you will be associated with a laboratory or
a theoretical research project under the supervision of an experienced
scientist and, for a short period of time, will become a full-fledged
member of the scientific team.

Stipends: NIS 500 (shekels) per week (up to NIS 4,000~1100 S in total).
Accommodations: eight weeks of free rooming.

There are NO application, registration, visa or tuition fees.

Airfare or any other travel costs are not covered by the program. You are
responsible for your own travel arrangements.



