SFIV of fast flows
with baroclinic pressure flows
Jackson Tellez, Annia Matulka* and Jose M. Redondo*
Research Group Flumen - UPC Barcelona Tech University.
* Department of Physics, UPC Barcelona Tech University. Barcelona 08034, Spain
jackson.david.tellez@upc.edu

Abstract
We use an advanced version of Correlation Particle Image Velocimetry used in surface flows [1-3] in order to analyze the complex
flow and to relate the production and detection of vortices, some of
which are advected by fast flow with cores of low pressure. These are
often coincident with the core lines of strong vorticity or helicity. For
example in fast flowing rivers or laboratory experiments of hydraulics
or geophysical engineering.
The experiments are parametrized by The Reynolds number, Re =
ul/ν the Richardson or Froude number and the Rossby number, in
case of external rotation. Ro = u/Ωl. Experiments are spread in a
3D space with axes (Re, Ri and 1/Ro ). There are several techniques
that are used to track the pliolite particles and produce the velocity
and vorticity plots used to calculate spatial correlations intermittency
and spectra [3-6]. One of the advantages of a description of flow
changes in terms of vorticity lies in the absence of the pressure terms
from Navier-Stokes equation The angular momentum of a material element[2]of fluid changes at a rate which is determinated by tangential
viscous stresses alone; this angular momentum is 1/2wI, where I is
the moment of inertia of the element about any axis. We consider
two different types of forces and the effect of Baroclinic production
of vorticity ω. The Lagrangian statistics. and the characterization of
the topology used in the SFIV analysis [6,8] is based on the OkuboWeiss criterion which is an approximate method of partitioning the
topologically distinct regions, based on the relative values of
Q = s2 − ω 2

with s the local shear. The data from numerical simulations are compared with laboratory experiments [6-9] and with different 2D-3D aspects of the turbulence cascade. The use of models comparing the
corresponding relative scaling exponents which are estimated as functions of the fractal dimension and the spectral slope (D, b). For steady
and decaying flows we see that when D increases, the order smaller
than 3 relative scaling exponents also increases, but for orders higher
than 3, they decrease. We also evaluate different box-counting and
multi-fractal methods in order to evaluate the scale to scale transfer
of energy, vorticity and helicity; descriptors of great importance in
complex flow processes.
In particular we discuss the evolution of fluxes as molecular mixing takes place, here the use of fast reactive indicators provide visual
indication of the complexity of shock and buoyancy driven flows as
discussed by (Tellez et al. 2016)[1] allows to measure complex surface velocity fields in engineering involving 3D flow-boundary conditions and complex divergence and wave prone non uniform flows and
boundary layer interactions, this may be particularly important when
a single camera for PIV provides a 2D image of real complex flows
[9-12].
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