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Submerged Membrane Bioreactors (sMBR) are more and more used for waste water treatment.
Improvement of membranes materials makes the energy cost more significant (Kraume and Drew 2010),
which is due for half to the coarse bubbles used for the limitation of the fouling. However a too high air
flow rate may also increase the fouling (Meng et al. 2008). An assumption for this last phenomenon is the
rupture of flocs due to the shear stresses produced by these coarse bubbles.

The aim of this work is to evaluate the shear stresses produced in the fluid by the aeration in the
membrane module around the hollow fibre bundle of an externalised sMBR. This was done by the use of a
computational fluid dynamics code that solves the Reynolds-Averaged Navier Stokes (RANS) equations,
Fluent®, with the following modelling assumptions:

- the hollow fibbers membranes are modelised by an over all cylinder

- the turbulence closing equations model is the RNG k-e

- for the biphasic part, an Euler/Euler approach with the volume of fluid (VOF) method is used, and the
bubbles are initialised by a patch method

- in a first approach, the influence of bubble swarm is considered through the analyze of the flow around
the second bubble of two,

- for the mixed liquor, the Carreau rheological model has been fitted on experimental data

These assumptions are validated using theory and experimental measures on bubbles sizes and velocities.
The axial velocities presented in Figure 1 show that highest velocities are observed in the bubble trail and
that the downstream flow opposite to the bubbles is important too. As expected the bubbles are slower in
the mixed liquor than in water.

The shear stresses presented in Table 1 are around ten times higher with mixed liquor than with water,
both for mean and maximum values.

This work shows an evaluation of the shear stresses in the liquid on the membrane module around the
hollow fibre bundle. The mixed liquor rheology model has a huge influence on the evaluation, due to the
higher average viscosity and to the non-Newtonian behaviour, especially with the high suspended solid
concentration used in SMBR.
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Comparison of bubbles velocity, average and maximum shear stresses for a 5cm bubble following a 2 cm
bubble, obtained by CFD



