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= Microalgae are fast growing photosynthetic organisms. The ) !
yield of microalgae biomass is many times superior to that of
higher plants due to their shorter life cycle and their efficient

growth.,

= Microalgae culturing is not well understood due to complex
hydrodynamics and their complex interaction with light due
to lack of implementing of advanced measurement
techniques.

= Cells movement determines the cells fluctuation and their
residence time in the light and dark zones which has not
measured and determined during microalgae culturing.

» Therefore, this work focuses on studying for the first time the
cells movement (trajectory) and their local velocity field in
split  airlift photobioreactor, by wusing advanced
hydrodynamics measurement techniques, namely RPT
(Radioactive Particle Tracking).

= This knowledge is essential for implementing our advanced
approach in predicting the performance and optimizing the

microalgae culturing which enable proper, cost effect design,

scale up and identifying the proper type of photobioreactor

whether open or close type.
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Radioactive Particle Tracking (RPT) Technique

Electronics and Data acquisition system 30 Nal Detector
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Calibration analysis for different cells growing stages and the Reconstruction Error
The reconstruction error and its projection on the radial direction can be calculated from (H.-P. Luo 2005) Reconstruction Error based on Calibration (time-
averaged, free of white noise):

Z \/(xreal - xrec)2 + (}’real - yrec)z + (Zreal - Zrec)2

Reconstruction error (x,y,z — domain) =

Z\/(xreal - xrec)2 + (yreal - )’rec)z
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Visualization of typical trajectoriesof the tracer particle
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temporal irradiance pattern at optical density 0.8
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temporal irradiance pattern at optical density 1.3

temporal irradiance pattern at optical density 2.0
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3D visualization

3D Visualization of the
liquid/cellsvelocity field
at 3cm/sec
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of liquid/Cells velocity field in the split airlift photobioreactor
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Remarks
» RPT technique provides in-depth knowledge of the cells trajectories/measurments velocity field,

Reynolds stress distribution, eddy diffusivity, local and global residence time, and many others
parameters.

» The RPT obtained cells’ trajectories integrated with irradiance field models provide the local light
Intensity received by the cells as a function of time and cells’ positions (X,y,z) inside the culture of
photobioreactor sophisticatedly.

»  This enables the implementation of our approach to evaluate in depth the culturing optimization, reactor
performance and effects of operating conditions on culturing microalgae to produce reliable design and
scale up.

» The obtained knowlage provides valubale benchmarket experimental data for evaluation and validation

computational fluid dynamics(CFD) in our integrated approch.
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Mass Transfer Gas/Liquid Dynamics — Tracer Optical Probes in

Probes Techniques
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Radioisotope Laboratory for Advancing Industrial Multiphase Processes
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Dual Source Computed Tomography (DSCT) Technique
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Non-Radioisotope Laboratory for Advancing Industrial Multiphase Processes
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Microalgae Laboratory
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