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Numerical analysis of biofilm growth in a flow using cellular automaton method
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ABSTRACT: Biofilm, a polymeric film that consists of microorganisms and their products, causes a variety of problems such as the clogging
of the tubes. The present study numerically simulated the growth of biofilm in flows in complex shaped channels to analyze the effect of
detachment of biofilm, the attachment of microorganisms, and flow conditions on the biofilm growth. Furthermore, in the present study, we
have introduced the information transmission mechanism between the microorganism called quorum sensing. Quorum sensing is a cell
communication mechanism used to coordinate group behavior based on population density. By modeling quorum sensing, it is possible to

reproduce a motion similar to the actual microorganisms.
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Fig. 1 Schematic diagram of calculation domain
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Table 1 Calculation parameters

Water density p, [kg/m?] 1000
Water viscosity u [Pas] 1.0x10°3
Diffusion coefficient of substrate in water 4.0x10°
Ds, [m?s] :
Diffusion coefficient of oxygen in water o
Do, [Ms] 8.0x10
Diffusion coefficient of substrate in 11
biofilm D, [m2/s] 4.0x10
Diffusion coefficient ofzoxygen in biofilm 8.0x10-1
Do [m?/s]
Inlet concentration of substrate Cg ;nier
3 ' 0.6
[kg/m°]
Inlet concentration ofgoxygen Co,intet 0.004
[kg/m°]
Power index n 0.75
Hydraulic permeability k[m?] 1.0x10°°
Calculation domain [mm] 10%x2x2
Timestep A t[s] 50
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Fig. 2 Snapshot of biofilm (Case B)
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Fig. 3 Snapshot of biofilm (Case C)
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Fig. 4 Change in total biofilm mass with time
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Fig. 5 Change in total detachment mass with time
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