Development of optical trajectography device for the lagrangian study of the
turbulent flow insidea stirred tank used in phar maceutical industry
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I ntroduction

Performance of various processes used in pharmaceutitatiy (animal cell culture, crystallization, flocculati) strongly depends on the physico-chemig
and hydrodynamic environment present locally in the stitenk. The classical approach which consists in descritiiedocal environment by an Eulerial
approach is not sufficient to predict the impact of agitatamnditions on process performances. Indeed, this kincppfaach gives access to the spat
distribution of quantities such as fluid velocity, turbotekinetic energy dissipation rate or concentration whhmportant information, but it does not giv
any information on the temporal succession of local physteemical and hydrodynamic conditions met by a particld,(ceystal, floc) and on the time spen
by this particle in each condition, whereas this informatis also crucial. This kind of information can only be deterad by an Eulerian - Lagrangia
approach which consists in describing the trajectory fedid by the particle and superimposing it on Eulerian fieldsider to establish the history o
conditions met by the particle

To be able to determine the trajectory followed by a partitie Chemical Laboratory of Liege University has develgpedollaboration with the Walloon
Center of Industrial Biology, its own prototype of opticedjectography device. The objective of this poster is ta@néthe device, developments that we
necessary for its use and the results obtained.

Developments

Modelsto link positions of the particlein images (pixels coor dinates) to
itspositionsin space (meter coor dinates)

The relative position of the cameras in space and the imagestibns due
to cameras lenses are determined by adjusting the paranoétiere pinhole
model. The pinhole model links to each image pixel a set ofifsdihat are
aligned along a straight line in the 3D space. The positiofY (%) of the
particle is determined by computing the intersection oftte straight lines
thus determined. Corrections due to light ray refractiotoomaterials
composing the tank are taking into account in the model.

2 Back-lights (white athermal le2VICES 20 L glass made cylindrical ta
50x50 cm, Phlox) cubic Plexiglas aquarium,

On linetreatment of images

To efficiently manage the size of dat
files, images are analyzed on-line duri
their acquisition by a software progran
which selectively records the position o
pixel groups the size and the color c
which suggest they might be the particle

Sorting algorithm

As several objects are detected on each
image, an algorithm has been developed
to identify the particle among these position

objects. Objects localized outside the;, att o o

tank are firstly eliminated. Remaining M ® candidates
objects are then analyzed on the basis of 1 ° o o
kinematic considerations knowing ©? Selected

previous positions of the particle, thus its candidate
instantaneous velocity and acceleration.

2 Cameras CMOS Falcon 4M60 (Dalsa, 60 Hz, 2352xpha8s)

To measure the position (in pixels) of the partioléhe images Estimated

A spherical bead made oflcium alginate gel
in which is encapsulated :

Activecarbon to give it a black color

Par affin oil to ajust it density to 1.028
Mean diameter: 491 um

= perfect tracer (Stokes number=0.03)

Validation

The measured trajectory has been validated by comparinggeegime
velocity fields deduced from it (blue) to those measuredtha same
operating conditions, by particle image velocimetry( red)

Conclusion
The prototype of optical trajectography device elabordtgdhe Chemical
Laboratory of Liege University is nowadays fully operatrand the
measured trajectories have been validated.

They may then be superimposed on an Eulerian field, the lembkinetic

A very good agreement is observed provided the trajectayyiaition time Nney Me '
dissipation rate measured by P.l.V, for instance, to study temporal

is large enough. Indeed, some zones of the tank are freguestted

because the number of visits rises rapidly with time. It i$ the case of
some other zones. Therefore, acquisition time as long as otf@shis
required to allow the patrticle to perform a large number eftsi(more than
30) in all zones of the tank and thus to obtain converged tesaolthe
whole tank
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succession of local hydrodynamic conditions met by theigartas a
function of agitation conditions. The superposition of Hwth is a signal
that strongly fluctuates with time. It can be analyzed byssieal tools of
signal processing to determine for instance at which frequéhe particle
is subjected to a given level of turbulent kinetic dissipatrate and the
time the particle spends at this condition at each visit
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