Turbulent water jet

Note range of eddy scales and self-
similar structure.

“Big whirls have little whirls,

That feed on their velocity;

And little whirls have lesser whirls,
And so on to viscosity.”

- L. F. Richardson’s prescient 1922 book:
Weather Prediction by Numerical Process
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Lag-correlation and integral timescale for turbulence

Figure 20.5 Typical correlation curves.
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Schematic turbulent energy spectrum
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Fig. 2.1 Schematic representation of the energy spectrum of turbulence.
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Time series/power spectrum of w in convection

. Time series | ™ Power spectrum
|4 W | | | | | '
‘1 ‘ A | \ ". “M ‘{ﬂ\ ’ “ 0 X 0N ]
04!l | ' | (m 4 e SR
IERAY '“ AR R, W
\" ) - :
A TS R il
O 600 S ke ; g n (':xl y

Atm S 547 Lecture 2, Slide 5



velocity cascades to large scales

vorticity to small scales 3D tU rbulence

'
‘ _ |
L ( )
t
}
|
1
|
{
|
|
Fig. 8.8 Nearly free evalution of vorticity {left column) and streamfunction (night colum n 3 doubly 166. Turbulent water jet. Laser-induced fluorescence he spatial resolution is adequate © resolve the Kolmo-
peniodic square domain (of length 2u) at tmes (from the top, and n units ol inverse vorticity) shows the concentration of jet fluid in the plane of ile in the downstream half of the phe "‘\'l,li’
), 50 and 260, obeying the two dimensional vorticity equation with no forcang but wath a weak metry of an axisymmetric jet of water directed down | ). I | w [O8
viscous term, The imtial conditions have just a few non-zero Founer modes with randomly generated Into water. The Reynokds number ipproximartely 2 XX
phases, producing a maximum value of vorticity of about three. Kelvin Helimhboliz in tabiny leads 1

vortex formation and roll up (as in big. 6.6), and hke-signed vortices merge, vltimately leading ¢ 1
state of just two oppositely signed vortices. Between the vortuces, enstrophy cascades 1o smaller 2 Slld 6
stales. The scale of the streamfunction grows larger, reflecting the transter of enerqgy to larger —eCture I I e



Quasigeostrophic turbulence (2D-like C vortices, filaments)
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