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Highlights
· Mixing concept determines hydro-mechanical stress on particles in bioreactors.
· Liquid-liquid model system substitutes biological system.
· New image analysis by neural networks provides faster and more accurate results.
· Particle analysis tool provides distinction between different disperse phases.

1. Introduction
High mechanical power input to achieve fast heat and mass transfer can damage a present disperse phase, with cells and cell agglomerates being of interest in biotechnology. An eﬃcient mixing system which gives even suspension with gentle stirring and does not generate high shear forces results in a homogeneous culture environment. In this study, fluid-mechanical particle stress is characterized by application of a two-phase model system with liquid disperse phase.
2. Methods
Comparatively, the investigations were carried out in a rocking single-use bioreactor (CELL-tainer® 20L, Celltainer Biotech BV) and in a DN160 stirred tank with torispherical bottom, see Fig. 1.
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Figure 1.  Motion concept of CELL-tainer® 20L (left), recording of drop sizes (middle), DN160 stirred tank with torispherical bottom (right).
The disperse droplet phase consisted of Mobil EAL Arctic 22 refrigerator oil having a density similar to the continuous phase [1]. By variation of working volume V, rotational frequency k and rocking angle φ (CELL-tainer) as well as stirrer geometry and stirrer frequency n (stirred tank), the droplet sizes of the disperse phase were recorded in situ by means of photo-optical particle analysis technology from SOPAT GmbH [2, 3], see Fig. 1 (middle). Measurement of the two-dimensional raw image data by automated image analysis provided the droplet size distribution. New implementations of image analysis algorithms based on neural networks yielded faster and more precise size measurements with classification of the detected particles.
The fluid dynamic investigations by particle image velocimetry (PIV) in the stirred vessel and by computational fluid dynamics (CFD) for both reactors support the understanding of the experimentally determined droplet breakage. In the stirred vessel, only the liquid phase was modeled, whereas in the CELL-tainer simulations the volume of fluid (VOF) method was applied to describe the two-phase flow. For both reactors, the RANS-based k-ε turbulence model was used. The velocity vector fields provide the basis for a coordinate transformation towards the flow direction along the streamlines to calculate shear and elongation gradients.
3. Results and discussion
[bookmark: _GoBack]The droplet breakage caused by different wave motion due to various operating points in the CELL‑tainer and by the investigated stirrers in the stirred tank was monitored for the model system. The dynamic destruction kinetics were recorded, with the steady-state droplet diameter characterizing the particle stress. Noticeable, the measured drop sizes in the CELL-tainer show higher values as compared to the stirred tank for the investigated range of operating conditions and thus, indicate less particle stress. For the comparison of different stirrer geometries, axial stirrers show higher droplet breakage than radial pumping ones.
4. Conclusions
Due to the high sensitivity of the photo-optical measurement system, a precise differentiation of operating points was possible. The new algorithms could not only detect the desired droplets, but also were able to distinguish between different dispersed phases, for example disturbing bubbles. The dynamic destruction kinetics for different operating points of both reactor types in combination with the particular flow fields give new insights into the transferability of cell cultivation between the two reactor types.
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