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Abstract of Thesis

Induced pluripotent stem (iPS) cells have shown great potential in many applications owing to their
special characteristics of unlimited self-renewal and differentiation ability. However, low yield of
cells due to suboptimal culture environment and improper culture means has become a limiting factor for
the development of the applications since most applications require iPS cells in the amount of 10%-10°
that would be difficult to achieve economically using traditional culture processes and bioreactors
because of technical limitations. Therefore, the objective of this thesis is to investigate the dynamic
characteristics of the bioreactor with different geometries and operating manners using numerical
simulations. Moreover, the Bayesian optimization is employed to provide accurate predictions with the
aim of obtaining an optimal control parameter of a new bioreactor.

Firstly, the cells need to be distributed uniformly in static culture to produce high—quality cells
The cell behavior in a wave bioreactor under different shaking conditions is therefore numerically
investigated. The shear stress acting on the cells and characteristics of cell dispersion are
quantitatively evaluated. The simulation results show that the shear stress increases monotonically with
the increment of shaking velocity and inclination angle. Meanwhile, the cells are dispersed efficiently
in the whole tank with a large angle. As a consequence, considering these effects and factors, qualitative
relation combined drag force, gravitational force and Reynolds number is concluded based on a specific
analysis of the control parameters

Secondly, because the cell production is dependent on the area of the wave bioreactor in static
culture, a tentative study on suspension culture in a cylindrical orbitally shaken bioreactor is
conducted. A novel shaking technology that takes into consideration of the periodic alternate rotation
is developed, which could improve the suspension ability of cells in the same range of shear damage
compared with the classical shaking manner, meanwhile efficiently reducing cell agglomeration in the
center part at the bottom wall. More importantly, a further investigation of fluid flow characteristics
with the new shaking method is carried out for various operating conditions.

Finally, an orbitally shaken bioreactor equipped with a vaulted bump at the bottom for suspension
culture with conventional shaking manner is developed due to the high energy consumption of the novel
shaking method. The newly designed bioreactor not only greatly improves the oxygen mass transfer and
suspension quality without the increment of shear stress, but also efficiently reduces the cell
aggregation in the center region at the bottom wall. Furthermore, the Bayesian optimization for seeking
an optimal working parameter owing to high—accuracy prediction is employed, which significantly reduces
the computational cost. Simulation results indicate that the optimized bioreactor is much more preferable
for iPS cell cultivation than the original bump bioreactor owing to its suitable oxygen concentration

and suspension quality.
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