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Bioreactor design and operation for cultivated meat faces a trade off between providing effective mixing and 
keeping the hydrodynamic stress on cells sufficiently low so as to not impair productivity. For static mixers, both
mixing performance and induced hydrodynamic stress increase with increasing impeller RPM.

One method to improve mixing performance is to modify the geometry of the impeller in a way that increases 
mixing but does not increase the imposed cellular stress. Such an approach is demonstrated here, where the 
locations of the four corners of the impeller blades of a Rushton turbine are moved parametrically forwards and 
backward relative to the plane of the blade. The parametric deformation is performed using a radial basis 
function and the performance of the deformed blade is assessed using a computational fluid dynamics (CFD) 
model. The CFD model assesses the hydrodynamic stress (here the average energy dissipation in the liquid) and 
the mixing performance at three different impeller RPMs and outputs the “performance response” of mixing 
effectiveness at the maximum RPM where the stress is below a prescribed limit (here an average energy 
dissipation of 0.4 W/m3 associated with Chinese Hamster Ovary cells). 

The choice of blade deformation parameter values is made using Bayesian optimization, which is well suited for 
exploring design spaces where the performance response is complex, noisy and computationally expensive to 
evaluate. 

In this example the workflow has been fully automated, where the Bayesian optimization algorithm first executes 
the geometry deformation process according to the chosen parameters and then executes the CFD model to 
provide the performance response for the chosen deformation parameters. The automated workflow provided a 
deformed turbine blade geometry predicted to provide a 12% increase in mixing effectiveness over the baseline 
geometry when run at the cell damage limited RPM.


