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Numerical simulation and performance analysis of flow field in coaxial
contra-rotating bioreactor

YANG Guang, WANG Moran
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Abstract: The use of biodegradable plastics is an effective means of solving white pollution. However, the
production of degradable plastics in bioreactors will face problems such as insufficient gas mass transfer capacity
and excessive energy consumption, resulting in high production costs. To solve these problems, a new design of
bioreactor with coaxial contra—rotating propellers is proposed as well as according flow analysis based on numerical
simulation. To verify our numerical models, three different benchmarks including bubble plume, bubble column and
stirred tank are performed. Drag force, lift force and turbulent dispersion force are included in our two—phase model.
Standard k—& method is modified via Troshko—Hassan model to consider bubble induced turbulence. Additionally,
sliding grid method is employed to simulated rotating turbine. The results show that phase interactions in two—fluid
method have a significant influence on accuracy of simulation. Our final result agrees well with experiments and
previous literature. As for new bioreactor, it is shown that shear force is enhanced between two turbines. Gas hold—
up, dispersion capabilities and RPD(relative power demand) are improved in new bioreactor compared with

traditional design.
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Fig.1 Typical design of stirred tank reactor
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Table 1 Coefficient value of turbulent model
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Fig.3 Gas volume fraction distribution of bubble plume
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Fig.4 Comparison of two drag model: gas volume fraction(a) and gas velocity(b)
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Fig.6 Comparison of 2D axial-symmetric result and 3D result: gas volume fraction(a) and gas velocity(b)
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Fig.7 Geometry and boundary condition of bubble column
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Fig.10  Structure of two—phase stirred tank benchmark
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Fig.11 Gas volume fraction of two—phase stirred tank reactor
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Fig.13  Radial velocity(a) and axial velocity(b) of gas phase
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Fig.17 Gas volume fraction: contrarotating(a) and corotating(b)
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