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Abstract

The computational fluid dynamics coupled with population balance method was used to
investigate the hydrodynamics and mass transfer in a 2 L bioreactor. A population
balance model was used in order to account for the effect of bubble breakup and
coalescence in the bioreactor. Multiple frame of reference method was used to model
the rotating regions. The local hydrodynamics predicted from CFD model such as gas
holdup, Sauter mean bubble diameter, turbulence energy dissipation rate and dissolved
oxygen were investigated. The local mass transfer coefficient (k .a) was calculated
using Higbie’s penetration theory and Eddy cell model. The overall mass transfer
coefficients predicted by the CFD model were compared with the experimental
measurements. The experiments to determine the overall mass transfer coefficient were
performed using gassing out technique. From the results, the predicted mass transfer
coefficient from eddy cell model matches very well with the experimental result while
the predicted mass transfer coefficient from Higbie’s penetration theory gives higher
value compared to the experimental result. After the CFD model of 2 L bioreactor was
successfully developed, the scale-up of the bioreactor from 2 L scale to 200 L scale was
performed based on constant mass transfer coefficient criteria. The model of 200 L
bioreactor was developed using the same technique with 2 L bioreactor. In maintaining
a constant k; a upon scale-up from 2 to 200 liter, the agitation speed and the air inlet
flowrate could not be maintained, adjustment has to be done. The scale-up equation
based on constant power consumption per unit liquid volume and impeller tip speed was
used in order to determine the operating agitation speed of 200 L bioreactor. Air feed
rate was varied in order to obtain the similar ki a value. From the results, scale-up
procedure based on constant ki a criteria was successfully employed in this study. The
operating variables at 200 liter bioreactor scale were achieved.
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