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Transition to the circular bioeconomy
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(Figure from D'Amato, Veijonaho, and Toppinen (2020))
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Reactor types
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Simulation set up

* Software: OpenFOAM version 9 * Boundary conditions:

<—Air outlet: pressure outlet
* Solver: multiphaseEulerFoam

<«—Air
* Mesh: <—Water
v’ Cells: ~370,000, ~900,000, ~1,200,000 — Walls: non-slip

* Eulerian phase size distribution:

* Water: 1 mm
* Air: 4.5 mm

<—Airinlet: 0.04 m/s
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Woater velocity comparison
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Obtained results

—-1.7

Turbulent kinetic . . . 1
. . Fluid velocity on Y-axis

Pressure (Pa) energy in fluid phase (x102 m/s) 14

(x10-6 m2/s2)

Height SDG DDG TDG SDG DDG TDG SDG DDG TDG
0.23 111,044 111,048 111,098 3.949 0999  1.468 0.858  0.121  0.342
0.58 107,623 107,626 107,676 2.792 5019 9.666  3.497 1475  1.874
0.78 105,668 105,671 105,721 4.382 16.568 11.175 3.217  2.463  4.086
0.95 104,006 104,009 104,058 7.774  9.551  71.622 3.015 3.987  4.552
1.32 100,386 100,389 100,440 108.579 109.766 113.069 2.647  2.638  2.580
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Bioreactors velocity comparison
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Lagrangian Particles Coupling
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Conclusions

* This study compared the hydrodynamics of three different internal loop reactors
including multi-stage geometries using CFD simulations.

* The single draft tube geometry maintained a constant downcomer velocity, while
the double-stage and triple-stage geometries showed higher downcomer velocities
on the top section and a more stable downcomer velocity.

* Particle tracking simulations revealed that the conical bottom is a low fluid
circulation zone that can cause the accumulation of solids.

* Coupling Lagrangian particles to the continuous phase of an Euler-Euler simulation
allowed for better flow visualization, showing flow and circulation loops. A
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