
Assessing and understanding bioreactor performance, and scaling
up from laboratory testing scale to production scale can present 
a number of technical and financial challenges. Computational 
Fluid Dynamics (CFD) models of bioreactors provide predictions of
key bioreactor performance characteristics ahead of physical 
development, providing insight and design directions at lower risk 
than physical builds. 

A critical aspect of performance is the hydrodynamic stress placed on the cultivated cells; too high and cell 
productivity drops, too low and production rates are below optimum.  Taking a conventional stirred tank 
reactor, a steady state CFD model which provides quick results, can be validated against expected 
theoretical behaviour – the power required to drive the impeller should scale with the third power of the 
impeller RPM, and the average energy dissipation in the liquid should scale linearly with the power per unit 
volume (see Validation).

Taking a limit for the hydrodynamic stress as that for Chinese Hamster Ovary (CHO) cells as an average 
energy dissipation rate of 0.4 W/m3, the maximum impeller RPM can be predicted for a smaller laboratory 
scale bioreactor and a larger model. The ~550 RPM laboratory scale limit can be validated experimentally,
and the larger bioreactor can be predicted to be limited to ~1000 RPM (see Prediction). 

The performance of the larger bioreactor can be explored in more detail, using a more detailed transient 
CFD model to show the evolution of the energy dissipation rate over time from reactor start up when 
operating at 1000 RPM, agreeing well with the prediction (see Exploration). These more detailed transient 
CFD models can provide further performance predictions, such as mixing and reactions times, and be used 
to optimise the reactor design to improve performance.

The approach of validating computationally efficient models against theoretical and experimental 
expectations, using those models to identify operating conditions and then exploring the details at those 
conditions to provide performance insight and explore optimisation opportunities is an effective way for 
you to get the most out of CFD modelling.  
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Bioreactor performance assessment and scale up are key 
activities for cultured meat production to be able to meet the 
scale required for it’s environmental benefits to be realised.
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