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The Similarity theory

Based on the P theorem, allows to use the same physical
laws to phenomena which develop on different spatial
and temporal scales.

Possibility to reproduce natural phenomena in 
the laboratory

Physical simulation allows to change, in accurate and 
reproducible way the values of the governing parameters



Dynamic similarity 

The ratio between dominant forces should be
constant in the two (natural and laboratory) 

systems.
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Non-dimensional Navier-Stokes equations yield to 
coefficients  (scale parameters): 
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Experimental studies in the 
geo-fluid dynamics

laboratory

Synoptic and mesoscale atmospheric circulation; 

Micrometeorology and turbulence of the 
atmospheric boundary layer;

Pollutant dispersion;

Oceanic currents and their vertical circulations 
(downwelling and upwelling)
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Yellow 
gangway to
allow
measurement
of flow
patterns at 
different
heights over 
the floor and 
at different
radial
distances from
the rotation 
axis of the 
tank



Special features for vertical mesurements: a sub-bottom hollow-space
allows to generate a laser sheet in the selected measurement point with
the maximum light intensity.



5 cameras with different frame rate, 
spanning from 1 to 500 Hz at full 
resolution, and different resolutions.

Able to acquire images in the vertical and 
horizontal plane.

Otherfeatures

Polyamide tracers: density=1.030 g/cm3 , diameter 
ranging 10-60 micron: good light scattering, cheap.

Flux in the tank is generated abruptly 
varying its rotation period from T0 a 
T1 after having gained the solid body 
rotation:

T0 > T1 spin-up        T0 < T1 spin-down

The result is a flow that 
has a time decaying 
velocity



Roughness before and 
around the 

measurement area 
corresponding  to the 

laser sheet exit from the 
sub-bottom hollow-

space.

Roughness: glued plastic nut

Height = 1.2 cm ;
Section = 2 cm ; 
mean distance = 4 cm. Different spin up and spin down ranging

from 120 to 30 s

Water depth = 40 cm

Distance fromcenter186 cm

Passive tracers diameter =30 � m

Flow measured on a 
rectangular grid of 10 
x 8 cm2, perpendicular 
to the tank bottom wall 
and tangential to the 
flow.



MEASUREMENT TECHNIQUES

� Spin up-Spin down

� Flow visualisation

� PIV principles

t t +� t



Experiments

� Turbulence in rotating 
flows

� Different rotations

� Different roughness 

� Turbulence statistics

� Turbulent structures 
in the boundary layer

Turbulence second 
order moments

Turbulence third order 
moments
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Results 1

� Comparison with 
numerical models 
(LES and RANS)

� Wall flow

� QN approximation

� Ku vs. Sk

Ferrero et al JFM 2009



Results 2

� Surface Rossby
number similarity 

� Resistence Law

� Boundary layer  
stress  instabilities

Ferrero et al BLM 
2009



Stereo PIV

New developments

Two cameras with different angles



Acquisition with two syncronized cameras of the same field from
two different point of view and execution of a suitable calibration.

3D reconstruction

Stereoscopic system



Preliminary results
Radial velocity vertical  profiles 

Tangential velocity vertical  profiles 

vertical  profiles 
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Future works

� 3D boundary layer 
turbulence

� Stratified flows

� Microburst wind shear







• Laser:

Wavelenght 532 nm

Power 15 watt. 

laser

laser beam

lenshorizontal
laser sheet

mirror

vertical laser 
sheet

ROTATING 
TANK



Aluminium trouble



Particles flocculation ex. 1



Particles flocculation ex. 2



Particles flocculation ex. 3







Translation stereoscopic system 

Two cameras with parallel axis that look at the measurement
zone frontally

TARGET

CAMERA CAMERA



Camera alligned with target

XXXXXXXXXXX XXXXXX XXXXXXXXXXX



Two cameras with not parallel axis that look at the 
measurement zone with differents angles

Angular displacement stereoscopic system

TARGET

CAMERA
CAMERA



Troubles related to off axis 
displacement

REFRACTION CORRECTION

FOCUS CORRECTION

GRID CORRECTION





TANK

water

Glass

Light beam

CAMERA

� = 41 °

35 °

� =90 °

n=1.33

n=1.52

n=1.33

41 °
� = 41 ° Glass

window

Refractive index:

Air        n = 1
Water   n = 1,33
Glass   n = 1,52

n=1

REFRACTION CORRECTION



Camera not alligned with 
target



CAMERA and lens 
alligned

CAMERA and lens 
not alligned





Software calibrated target

(Tsai algorithm)

Target viewed by dx
camera



Target viewed by sx
camera

Software calibrated target
(Tsai algorithm)


