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Introduction
The functionality of a membrane bioreactor (MBR) is limited by fouling, which places demands for fouling reduction and membrane cleaning.
Membrane fouling can be reduced by rotating membrane discs which enables stable operation at high sludge concentrations. As membrane rotation is
associated with high energy consumption the gain in permeability by higher membrane rotation should compensate for the additional energy
requirements. Therefore, it is essential to understand the impact of enhanced shear on filtration performance.

Aim
 Study limiting flux distribution at varying rotation speed and sludge concentration.
 Develop a mathematical model to describe limiting flux as function of membrane disc rotation speed and sludge concentration.
 Describe and simulate flux as a function of rotation speed, sludge concentration and the radial distance from the center of rotation.

Theoretical Background

Experimental

• The limiting flux is used to describe the back
transport, depending on operating conditions such
as concentration and shear.
• Fouling is assumed to be due to reversible cake
formation
• A mass balance for particle transport to the
membrane is solved to give the limiting flux [1].
• For larger particles (< 1 µm), e.g. sludge flocs and
colloids, back transport is a result of shear induced
diffusion

• Four membranes were blinded to have concentric rings at different radii
open for filtration and used to filter 10 g/L MBR sludge at rotation
speeds varying from 100-280 rpm.

• The influence of concentration was studied filtering 4.7, 10 and 12.7 g/L
SS with varying rotation speeds and TMP.
• For each operational condition, TMP-step filtrations in the range of 0.3 –
2.5 bar were performed to determine the limiting flux [1].

Model

Results

The following empirical expression for the limiting flux is proposed:

Shear stress (τ) is related to shear rate (γ̇) with the following expression for
non-Newtonian fluids [2]:

With m and n representing the concentration dependent flow consistency and
behavior index. The local shear rate is determined as a function of rotation
speed (Ω) and kinematic viscosity (υ) [3]:

The shear dependency of the dynamic viscosity (μ) is determined as

• Due to higher shear, the limiting flux
increases at higher rotation speed and
higher radial distance from center of
rotation.
• The limiting flux decreases with
higher sludge concentration.
• The model fits experimental limiting
fluxes
• The proposed model can describe the
limiting flux from concentration and
rotation speed locally on the
membrane discs.

Conclusion
•
•
•
•

The developed model describes the limiting flux (back transport) as function of disc rotation speed and sludge concentration.
The limiting flux increases with higher radius from the center of rotation and higher membrane rotation speed due to enhanced shear
The limiting flux decreases at high concentrations;
From the proposed model, the filtration performance can be estimated as a function of shear (rotation speed) and concentration and used to improve filtration
performance and productivity.
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