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Context
Among three phase reactors, membrane bioreactdd3 ddpeared in the 0 Smith et al., 1969;
Aimar and Daufin, 2004, Daufin et al., 2001] and were largely applied in biotechnology field:
pharmacy, food industry, white biotechnology. Irasiag cell density in bioreactors is useful to
improve the overall productivity of fed-batch ammhtinuous processes particularly the bio-ethanol
production which has to be competitive accordingete@rgetic, economical and environmental
criteria. Another determinant factor to optimize thverall performance of biological process is the
configuration of the MB. The performances are sitpnnfluenced by the complex interactions
between gas and liquid hydrodynamics as well asrtioeoorganism activities. The specificity of
microbial bio-reactions in relation with irreduagbtouplings between heat and mass transfers and
fluid mechanics, led to complex and dynamic systgasth et al., 1969] .

Dynamic filtration and RVF module:

DF consists in creating relative motion between iembrane and its housing and stands as an
alternative technology to classical dead-end ands:zflow filtration. DF modules could use either a
vibrating [ Schneider et al., 2001] or rotating membrangSerra et al. 1999], or the motion of a
mechanical device with a rotatiridaffrin, 2008] and/or vibration disc or impelldiFillaudeau et

al., 2008] close to the membrane surface. Several DF deti@es been reported by manufacturer:
Artisan (Artisan Industries), cross-rotational fl¢@BB-Flootek), centrifugal membrane filtration
(Spintek), cross-rotational membrane filtration (Wme-Sanderson), Hitachi (Hitachi), dynamic
membrane filter and vibrating membrane filter (Raltiety).

In this work, a new and promising DF device, calledating and vibrating filtration (RVF
technology) will be investigated. This module ewablto improve overall biological and
hydrodynamic performances by increasing permegbbiy reducing the volume of filtration loop,
by uncoupling feed flow rate and local shear rdtenambrane surface and by filtering at low
transmembrane pressure. Its specificity is thateahanical device (impeller) has been introduced
in order to promote turbulence at membrane surfadependently of retentate flow-rate. This
simple mechanical device runs continuously (upGBelZd and maintains a high shear rate as well as
an unstationary hydrodynamics at the membraneirfa

Scientific questions:

The objective of this PhD project is to highlighttpotentialities and constraints of an innovative
DF device for bioprocess intensification. More ety the study aims to understand and control
dynamic interactions between physical and bioldgimo@chanisms in a context of bioprocess
innovation.

To this end it is planned to perform experimentd anmerical simulations to investigate DF at
global and local scales under biotic and abiotieditons:
1- To characterize the effect of DF on bioprocem$gomances (biological activity, cell lyses,
etc) during cell cultures. Axenic cell cultures enaxidative mode will be carried out in fed-
batch mode with selected microorganisms (eukargoteprokaryote),
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2-"T0 analyse the global and local hydrodynamics.i®artmage velocimetry (PIV) will be
used in abiotic experiments and compared to nuderdsults obtained by computational fluid
dynamics (CFD).

Both works will match to gain insight in the comypleydrodynamics fields which take place in the
dynamic filtration module in order to better expldouling resistance reduction and the subsequent
performances of membrane bioreactor.
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QBR, QP1 et QP2 : flowmeter

TER, TSR, TP : Temperatures
PRE et PP : Relative pressure
DP, TM1 et TM2 : Differential pressure RETENTATE

F : Tachymeter W: Wattmeter

Figure1: Scheme of DF module.

Key-words: food and bioprocess engineering, membrane procefiscultures, fluid mechanics,
PIV, CFD.
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