Mixing of liquids with a
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Numerical tools for the study of mixing of small quant

ties of liquid using aotating current densityand a fixed

magnetic field are developed and applied to obtain char I'y, ..

Geometry of the rotating current device
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D, : the magnet ; D : the tank
.,I's : 6 electrodes on the bottom of the tank

advection. A comparison with experiment is done. A 3-phase voltage system on the electrodes
the period of the rotating current that maximizes the pet - ipe free boundary of the electrolyte

ter of a blob in adye blob experimens determined.

Draws of fields in presence at a frozen time
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Advection

2D advection equatioaf a concentration ;cs + V. (csVy) =0
The blobBy concentration c$ = {cpin B ; 0inT — By}
If V-¥y = 0,c5 = {coin B; 0inT — B} only the boundaryB of B has to be computed
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During a time step, the time is frozen ani, Y)
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moves along a streamlines, which is piecewise linear.. "
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Comparison with experiment : fixed direction current

The points of the polylineB are advected by the | wG.
EDO with atactique to increase or decrease the te= | - /
tal number of points if the distance of two neighbors
is

o two low, they are merged ;

o two large, an intermediate point is added.
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R, Ry, Re : radii of tank, magnet and electrodes

Ha, H : heights of liquid and magnet
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Grey : experiment ; Black lines : computation

Equations of fields in presence

Electrical potential
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Magnetical scalar potentiel
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Lorentz force density : f

Velocity Field Surface velocity and Stream Function
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Numerical details
¢ are computed in 3D with finite element method

The integrale®, = 9@, by = 6,®, ... are computed on each node of the mesh

u,v,w, Psuch as ryinm&x(f (%u (Vx02=(f-pgk) .\7) dx3 - f P(V-V) dXB)
The Uzawa algorithm is uDsed °
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To test the advection algorithm, an initial circulay/O O\\\
blob is submitted to the stream first down and then |
upward. The dference between initial and final ,‘
blobs is 2% root mean square and 10% maximum.\ o o/
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FreeFem+ is used for all computations

Results : a blob on the magnet, with the perimeter

Blob after 100s
w=0

Natural periods vs positig
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Two peaks for periods of 5
(within the range of natural pe-
riods) and 80 seconds (in the
range)
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